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Executive Summary
The Great Plains were once a vast grassland ecosystem, but, due to agricultural and human
development, are one of the most endangered ecosystems in North America. What remains is generally
fragmented, threatened by invasive species, and lacks the natural ecosystem processes that shaped
these grasslands such as periodic wildfire and bison grazing. Since 1978, the Platte River Whooping
Crane Maintenance Trust, Inc. (dba “Crane Trust”) has worked to maintain the function of grassland and
riparian habitats to benefit endangered Whooping Cranes, Sandhill Cranes, and other migratory bird
species. They protect ~8,100 acres, including the largest contiguous portion of lowland tallgrass prairie
and wet meadow remaining along the Central Platte River in southcentral Nebraska. To manage their
prairie ecosystems, the Crane Trust mimics natural disturbances to create a diverse mosaic of habitat
structure on the landscape, supporting hundreds of grassland-obligate species.
The Crane Trust piloted bison reintroduction with a small bison herd loaned throughout 20132014. After a successful pilot period, the Crane Trust purchased and reintroduced forty-one American
bison (Bison bison) in 2015 within a portion of their protected land. Their primary goal was to restore
the functional services of bison as “ecosystem engineers”. They sought to allow bison grazing patterns
to create structural heterogeneity on the landscape for the betterment migratory bird species and other
grassland taxa. Beyond using bison as a management tool, the Crane Trust also sought to contribute to
the continental effort to recover and research bison, while developing ways to make the herd
economically self-sustaining. Though the Crane Trust has made great contributions to these goals, the
various components of the bison program had yet to be synthesized into one cohesive plan, direction,
and vision. The Crane Trust bison program has reached a point of relative stability, creating an
opportunity to develop a reasonable long-term outlook for the bison program. This Bison Management
and Research Plan (the plan) was created to document the current status, vision, goals, and practices of
the Crane Trust’s bison program using conservation literature, internal records and research, and
coordinated planning meetings with members of the Natural Resource Team.
The creation of habitat structure can be facilitated using methods such as patch-burn-grazing
and encouraging bison movement and herbivory throughout the landscape. However, invasive species
and woody encroachment need to be addressed through more intensive management practices before
bison are allowed to freely graze throughout their range. Like many small, conservation-oriented herds,
the Crane Trust bison are spatially limited, contained within a fenced boundary. Likewise, several species
that once interacted ecologically with bison, like wolves and prairie dogs, are no longer present on the
landscape. These limitations to ecological function have precluded small herds from several bison
recovery conversations. However, there are several advantages and opportunities for bison herds like
the Crane Trust’s. This plan demonstrates the adaptability of small conservation herds. These herds
provide unique opportunities for research and serve as a laboratory of bison practice. The Crane Trust
has already advanced the scientific understanding of bison behavior, health, and ecology through
published research conducted on their lands. Long-term monitoring, record keeping, and cooperative
partnerships have and will continue to be pivotal for the Crane Trust’s scientific capacity for bison
research.
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The Crane Trust is in an opportune position to contribute to the genetic, health, and cultural
recovery of bison as a species. Through their genetic monitoring and management strategies, the herd is
producing bison calves with high genetic diversity. These gains in diversity are largely due to a strategy
of introducing young bulls that are genetically dissimilar to the current Crane Trust bison herd. The
Crane Trust needs to consider retaining some of their female bison calves to preserve the genetic
heritage of the herd and maintain a relatively young cow herd poised for high annual production. To
maximize the Crane Trust’s role in genetic recovery of the species, efforts need to be made to distribute
genetically diverse bison calves born at the Crane Trust to other conservation herds. There are several
diseases that threaten bison conservation and recovery. Diseases such as Brucellosis and Mycoplasmosis
threaten bison at a continental scale, while disease like Anthrax and Pink Eye are more localized
concerns for the Crane Trust herd. Despite these concerns, the bison herd has not experienced an
outbreak of any fatal diseases and remains relatively healthy. In an effort to preserve their “wild”
nature, the Crane Trust limits human intervention in the health of bison to maintain the processes of
natural selection. However, some intervention may be warranted, particularly if health concerns exceed
that of the individual and threaten the herd as a whole. Standard practices for body condition scoring,
record keeping, necropsy, and quarantine procedures within the plan will be used to monitor the health
and productivity of the bison. The accessibility of the Crane Trust bison provides an opportunity to build
cultural and community connections. The Crane Trust’s Nature and Visitor Center attracts thousands of
visitors each spring to witness the Sandhill Crane migration and has been used as the interface between
the public and the landscape, raising awareness for conservation needs and educational engagement.
Reintroduction of bison on the landscape has attracted visitors outside of the spring migration,
and they have become “prairie ambassadors” for the Crane Trust. Programing and educational curricula
need to be developed around bison, their recovery, and their relationship to grassland and human
dimensions. Bison also play an important role in many indigenous cultures and we hope to support the
cultural recovery of the Bison through friendships and partnerships with regional Tribal Communities.
The reintroduction of bison to the Crane Trust has provided a diverse grassland structure and suitable
habitat for a wide-range of grassland species. As long-term ecological data is evaluated, the picture of
bison’s ecological role within the grasslands of Nebraska and along the Platte River will become clearer.
Likewise, the value of small, conservation herds to the recovery of the bison species has yet to be fully
recognized. The Crane Trust’s bison plan is a testament to the organization’s commitment to realizing
the potential of bison reintroduction on small to medium scales.
Goal 1: Improve ecosystem structure and function by reintroducing bison as a keystone species to
enhance the diversity of the native prairie and wet meadow ecosystem along the Platte River.
Goal 2: Support the genetic recovery of bison in North America and provide a model of genetic diversity
management.
Goal 3: Maintain bison wellbeing with limited human intervention and develop standard operating
procedures to monitor bison health while maintaining the safety of bison and bison handlers.
Goal 4: Improve outreach and education efforts, contributing to the cultural significance of bison by
impressing the story of their extinction and recovery, and the need to conserve native habitats
similarly on to visitors and the community.
Goal 5: Develop strategies of long-term economic sustainability for the bison program using
ecologically sound culling decisions.
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Chapter 1: Introduction
1.1 American Bison: Current Status
Taxonomic Status – Two subspecies exist in North America, the wood bison (Bison bison athabascae)
and the plains bison (Bison bison bison). The plains subspecies is native to the central Great Plains,
including Nebraska.
Legal Status – The legal status of American bison varies widely depending on state and federal guidelines
in the US and Canada. The status also varies from state-to-state, where some states consider bison as
domestic livestock, wildlife, or both (Gates et al. 2010, Rogers 2021). The only states that legally
classifying bison as wildlife are Alaska, Arizona, Montana, Utah, and Wyoming (Gates et al. 2010). In
Nebraska, bison are classified as domestic livestock (Nebraska Revised Statute 54-2908, LB344, § 8).
However, the National Bison Legacy Act in 2016, solidified their importance as a “symbol for the United
States” for its benefits to grasslands and its “historical cultural and economic significance” to the
country. The American bison also is the official mammal of the United States.
Conservation Status – American bison, including today’s plains bison and their ancestors, have
coevolved with grasslands and other wildlife of North America for more than 100,000 years. Millions of
bison grazed throughout North America (Shaw 1995). Their movements and behaviors were once a
natural means of grassland management, having strong influences on grassland systems and biodiversity
(Potter et al. 2010). Bison also served as a staple resource for many indigenous cultures of the Great
Plains. Testimonials of early explorers account the historical abundance of bison in Nebraska and the
Platte River Valley (Hart 2001). Bison could be found along the Platte River throughout all the seasons. In
the winter of 1812-1813 fur-trading Astorians (Irving 1834) noted that bison “cover[ed] the country on
the Platte [River] below the forks [east of North Platte]. In the winter of 1824, Ashley accounted that the
Platte River valley was “literally covered with buffalo…moving down river” (Dale 1918). In 1834,
Townsend (1978) accounted that he saw bison for four days traveling between Grand Island and North
Platte, Nebraska. Fremont (1845) documented great numbers of bison “swarming…over the plains”
grazing grass “heavily” on 7 of 8 days in 1842 on his journey from Grand Island, Nebraska to Julesburg,
Colorado. In 1857, bison were still found “quite abundant[ly]” on the Platte River by Hayden (Warren
1981); he also noted that bison grazing areas could be “different [in] different years and different
seasons”. In the early to mid-1800’s, bison were still present in notable numbers along the upper and
central Platte River, however they were rarely seen east of Grand Island, Nebraska.
By the late 1800’s bison numbers were driven from m to near extinction throughout the Great Plains
(Shaw, 1995). Estimates for American bison ranged from as high as 15-100 million at the peak of their
abundance (Roe 1970, McHugh 1972, Dary 1989, Shaw 1995), to <1,000 as the species neared possible
extinction (Hornaday 1889, Seton 1927). Bison populations in Nebraska may have been initially reduced
by early-displaced Pawnee (Martin and Szuter 1999). Their decline was exacerbated through market
hunting and mass slaughter campaigns of encroaching Euro-American settlers into the “Western
Frontier” (see Phillips 2018). The few bison that remained at the end of the 1800’s were scattered in
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small, isolated herds with restricted genetic flow between populations, leading to a steep decline in
genetic diversity (Derr, 2002). Through conservation efforts and the value of bison as an alternative
livestock animal, bison have recovered substantially in number. Today, over 400,000 bison exist within
privately owned herds (n=350,000, Jones et al. 2020), the public and non-profit herds (n>30,000, Martin
et al. 2021), and tribal herds (n=~20,000, ITBC Today InterTribal Buffalo Council 2021).
According to Carter and Matheson (2017), only ~4% of the bison across North America today are
considered “conservation herds” of “wild” bison, with large populations that have sustainable genetic
diversity, unrestricted movement, large range sizes, and limited human intervention (Boyd 2003, Freese
et al. 2007, Sanderson et al. 2008, Gates et al. 2010, Aune et al. 2017). However, the estimated number
of bison in “conservation herds” depends on the definition applied (Sanderson et al. 2008, Rogers 2021).
The International Union for the Conservation of Nature (IUCN) Red List Assessment (RLA) lists American
bison as a “near-threatened” species throughout its range in North America (Gates and Aune, 2010). As
Rogers (2021) points out, the IUCN only used ~1% of North American bison herds in their RLA,
precluding herds because they were too small in population size or range, managed with fences, or were
not managed for species conservation (Aune et al. 2017). By these strict definitions, the entirety of the
“wild” Plains bison population exists within public herds managed by governmental entities, and only
the Yellowstone bison are considered ecologically restored (Gates et al. 2010, Carter and Matheson
2017, Aune et al. 2017).
The IUCN has recently applied a new standardized tool to assess the ecological recovery potential of
bison throughout time and incorporates a species role in an ecosystem, known as the Green Status
Assessment (GSA) (Akcakaya et al. 2018, 2019, Rogers 2021). Rogers (2021) used progressively relaxed
definitions of IUCN RLA criteria through three iterations of the GSA. As the RLA criteria were lifted in
each iteration of the GSA, more bison were considered as “wild” and were considered recovered
throughout a higher proportion of their historically occupied ecoregions (i.e., Central Plains, Tundra,
Boreal Plain) (Rogers 2021). The third and most inclusive iteration of the GSA found that bison would be
recovered in as much as 33% of their original range (Rogers 2021). However, this iteration would also
include bison in feedlots as wild, regardless of the lack of ecological value they provide (Rogers 2021).
The second iteration of the GSA dropped some of the most precluding criteria of the RLA, including
range size, range restriction, herd size, and large carnivores present. This iteration represents a “semiwild” herd that is managed to meet at least some of the criteria for bison ecological recovery (i.e.,
genetic management, ecosystem management). By this standard, nearly 30,000 bison would be
considered recovered throughout 25% of their original range higher potential for bison recovery over
the next 100 years (Rogers 2021). Using the GLA models, the IUCN looks to reevaluate their listing for
the American bison (L. Rogers pers. comm.).
The strict, criteria-based assessment of the IUCN’s RLA disregards the potential of “conservationoriented” bison herds, like those of the non-profit and tribal sectors, to contribute to the recovery of
bison as a species (Rogers 2021). A high level of variation in herd management, populations, and range
sizes among and between the bison sectors, and a herd’s capacity to contribute to the ecological
recovery of bison likely exists along a continuum between “wild”, “semi-wild”, or trending towards
domestication (intensively managed) (Boyd and Gates 2006, Gates et al. 2010, Rogers 2021). There is
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significant overlap in the public and non-profit herds within this continuum, indicating other herds
warrant consideration in the context of bison recovery (Rogers 2021).
The value of smaller bison herds has not yet been realized in the scope of bison’s recovery. However,
these less defined conservation bison herds may still contribute to the long-term preservation of the
species (Truett et al. 2001, Pucek 2004, Sanderson et al. 2008, Gates and Aune 2010). Here we use a
looser definition for “conservation herds” (GLA Iteration 2, Rogers 2021), in which they are managed
through considering the three main tenets of bison conservation management: maintain a wild (semiwild) bison character, manage bison genetic diversity and integrity, and restore and maintain
biodiversity and ecosystem function (Lammers et al. 2013). For example, these conservation herds may
serve as field laboratories for research into bison ecology, health, management that provide adaptive
frameworks for developing new best management practices (Karesh and Cook, 1995, Nishi et al. 2006).
These bison herds and their managers face many challenges and the scientific community is still learning
how to best manage herds under confined conditions (Cromley and Cooperative 2000, Bates and Hersey
2016, Hendrick 2009).

1.2 Context
The Crane Trust’s Mission
The Platte River Whooping Crane Maintenance Trust, Inc. (dba “Crane Trust” (CT))is a non-profit
organization dedicated to protecting and preserving the ecological integrity of land along the Platte
River in central Nebraska for the endangered Whooping Crane and other migratory birds using the
Central Flyway (Currier 1982, Currier 1989, VanDerwalker 1981). The region, known as the Big Bend of
the Platte River, stretches for 90-miles between Chapman and Lexington, Nebraska. The area is
biologically important, supporting hundreds of species of native flora and fauna, critical habitat for the
endangered Whooping Crane, and as the site of the largest migratory roosts of Sandhill Cranes in the
world (Currier et al. 1985, National Research Council 2005). The area is synonymously called the Central
Platte River Valley in the scientific literature and terms will be used interchangeably herein. The
organization owns, manages, and protects through easement over 8,500 acres that spans for 7-miles
along and within the channels of the braided Platte River system. Their lands comprise the largest tract
of contiguous, untilled habitat remaining in an agricultural dominated landscape of the Central Platte
River Valley. There are two main parcels of the CT properties that are located on separate islands,
Shoemaker and Mormon Islands. Mormon Island is a more frequently flooded system than Shoemaker
Island, however both have distinctive hydrology and host significant plant diversity (Currier 1989, Brown
and Johnsgard 2013, Caven and Wiese In Review). The herbaceous communities exist along a
hydrological gradient including: Sand Ridge Prairie (driest), Lowland Tallgrass Prairie (intermediate), Wet
Meadow (seasonal wetland), and Shallow Marsh (semi-permanent wetland) (Currier 1989, Henszey et al.
2004). These grassland systems evolved in the presence of frequent disturbances (such as fire, flooding,
drought, and grazing) and the organization manages the landscape by simulating these historic
disturbance regimes to maintain ecosystem function for wildlife.
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Grassland Ecosystems
The grasslands of the Great Plains developed under variable disturbance pressures, including drought,
fire, and grazing by bison and other herbivores. Bison grazed and moved throughout grasslands in
response to forage availability and nutritional quality across different soil types, precipitation conditions,
and successional stages after prairie fires (Krueger 1986, Knopf and Samson 1997, Collins et al. 1998,
Truett et al. 2001, Fuhlendorf et al. 2011). The intensity of these disturbances and grazing patterns
varied between areas and from year to year, resulting in a mosaic of vegetative structure across the
landscape, which supports a wide range of biotic life (Fuhlendorf and Engle 2001, Hassan et al. 2008).
Disturbances of grazing and fire were particularly important for nutrient cycling. Prairie fires would burn
off senesced vegetation and stimulate new plant growth of higher nutrient quality, promoting bison
grazing on the fresh forage (Fuhlendorf et al. 2008). Bison grazing and defecating returned nutrients
back to the soil and as they moved on to a new grazing site (e.g., Hobbs et al. 1991, Johnson and
Matchett 2001), previous sites would recover with time, building fuel, and eventually burn again,
starting the cycle over. Over time, and across a large geographical scale, the disturbance processes
creating an everchanging grassland mosaic to which the diversity of plants, mammals, birds, and other
taxa evolved in the Great Plains (Fuhlendorf and Engle 2001, Truett et al. 2001, Samson et al. 2004).
Restoration of habitat heterogeneity through disturbance variability is a fundamental goal of grassland
managers in the Great Plains to preserve the function and diversity of these ecosystems (Fuhlendorf and
Engle 2001, 2004, Helzer 2009).
Natural fire would have interacted with grazing to intensify the mosaic effect on vegetation structure.
Collins and Gibson (1990) estimated that fire return intervals in tallgrass prairie happened every one to
five years prior to European settlement. Natural fires were more frequent in tallgrass prairies compared
to short and mixed-grass systems because they produced significantly more fuel to burn (Sieg 1997). Fire
reduces vegetation height in the short-term, promotes new vegetative growth, and can encourage
foraging in that location for several years after a burn where grass can be maintained at a shorter height
(Shaw and Carter 1990, Vinton et al. 1993). Grazing reduces natural fire frequency and intensity by
removing fuel loads (Briggs et al. 2002, Fuhlendorf et al. 2008), whereas ungrazed sites accumulate fuel
and conditions to burn in subsequent years (Hobbs 1996, Briggs et al. 2002). Regular burning in
combination with periodic grazing would have favored grass dominance over woody species, and woody
species would have likely been confined to areas where fire would not reach, such as riparian areas,
draws, or wet slopes (Sieg 1997). Burning tallgrass prairie, in the absence of grazing, promotes warm
season grasses, but selects against forbs, and woody species (Vinton et al. 1993, Hartnett et al. 1993),
which may ultimately lead to a reduction in structural diversity on the landscape. However, infrequent
fire promotes the expansion of clonal shrubs (i.e., dogwoods; Cornus drumondii) (Wedel et al. 2021) and
trees (i.e., eastern red cedar; Juniperus virginiana) (Fuhlendorf et al. 2008). Therefore, multiple
disturbance interactions (e.g., fire in combination with simulated browsing) are needed to control the
spread of shrubs into grasslands (Wedel et al. 2021). Fire frequency is important to tallgrass prairie
birds; for example, annual burning in combination with bison grazing has been demonstrated to have
negative effects on bird diversity in the Flint Hills of Kansas, most notably the decrease of Henslow’s
Sparrow and Dickcissel in frequently disturbed areas (Powell 2006).

Bison Man. & Res. Plan - Chapter 1: Introduction
Page|7

Current Habitat Conditions
Grasslands are considered the most endangered and least protected biome on the continent (Samson
and Knopf 1994, Knapp 1997, Coad et al. 2009). Tallgrass prairies, with their deep, well developed soils
and a more frequent rainfall regime than other prairie types, are exceptionally imperiled with declines
estimated of over 98% in Nebraska alone (Ricketts et al. 1999). Nebraska has also experienced
tremendous loss of mixed-grass prairie (50%), and what remains is largely cattle grazed lands in the
Sandhills region of Nebraska (Whitcomb 1989, Samson and Knopf 1994, Noss et al. 1995). Losses in
prairie are primarily a result of conversion to agricultural crop production set in motion by a series of
Treaties and Acts that forced the displacement of native tribes. The Indian Removal Act of 1830, the Fort
Laramie Treaty of 1868, and the Homestead Act of 1862 removed native peoples from their land to
make way for nearly 1.5 million Euro-American settlers. Altogether, settlers were given over 800,000
km2 of land, much of which was from the Great Plains (Ostlie et al. 1997). The settlement of EuroAmerican settlers in the mid to late 1800’s spurred a chain of circumstances that forever threaten North
American prairie ecosystems and their biodiversity, including the loss of keystone species like the
American Bison.
The Central Platte River Valley has experienced comparable losses (-70-80%) in tallgrass prairie habitat
as the rest of Nebraska, and what natural habitat remains is further threatened by habitat
fragmentation, exotic and invasive species, overgrazing, and hydrological changes set in motion by
damming of the North and South forks of the Platte River (Currier et al. 1989, Sidle et al. 1989, Krapu et
al. 2014). This area is right in the heart of the Central Migratory Flyway, which, for bird species like the
Sandhill Crane and waterfowl, funnels through the central portion of Nebraska (Currier et al. 1985)
(Figure 1). There have been nearly 400 species of birds recorded in the Central Platte River Valley
(Johnsgard and Brown 2013, CT unpublished data). A recent vegetation inventory of the revealed that
the region is floristically diverse, with 549 recorded vascular fauna species (Caven and Wiese In Review),
including 6 plant species of conservation concern in Nebraska like cardinal flower (Lobelia cardinalis).
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Figure 1: A North American look at the significant amount of overlap between current distributions of Whooping (Yellow) and
Sandhill (Orange) Cranes and the historic distribution of bison (Purple).

The riparian areas of the Platte River and their adjacent wetlands and prairies have been significantly
altered by damming in large reservoirs for agriculture and hydropower production, which reduced peak
river flows and withheld the movement and deposition of sediment downstream (Williams 1978, Simons
and Associates 2000). These alterations have resulted deeper channelization of the Platte River and in a
loss of 60-90% of the river channel width (Williams 1978, Sidle et al. 1989, Simon and Associates 2000,
Caven et al. 2019). Loss of high pulse flows has had significant consequences such as: reduced flooding
in adjacent wetlands and meadows (Currier 1989, Wesche et al. 1994, Simons and Associates 2000),
woodland establishment in accretion areas, dry channels, and throughout the lowland prairies (Currier
1982, Caven et al. 2019, Fogarty et al. 2020), and the development of a higher vegetated banks of the
river (Simons and Associates 2000). Restoration efforts have focused largely on the removal of riparian
woody vegetation on the banks near the main channels of the Platte River to promote roosting habitat
for Whooping Cranes and Sandhill Cranes (Currier et al. 1991, Caven et al. 2019), while adjacent
meadows and grassland habitat have been restored from agricultural production and are managed for
grassland biodiversity and native species cover (Currier et al. 1985, Pfeifer 1999, Meyer et al. 2010).
Grasslands in the Platte River Valley has several “universal” management priorities to maintain function
and diversity. These are particularly focused around reducing the spread of invasive and woody species
(Helzer 2009). In Nebraska tall and mixed grass prairies, invasive cool season exotic grasses are of some
of the greatest ecological threats. These include species like smooth brome (Bromus inermis), tall fescue
(Schedonorus arundinaceus), quackgrass (Elymus repens), and Kentucky bluegrass (Poa pratensis) which
suppress native vegetation (Ellis-Felege et al. 2013). In the absence of fire, woody species like eastern
red cedar (Juniperus virginana), rough-leaf dogwood (Cornus drumondii), Siberian elm (Ulmus pumilla),
and others will invade prairies and can quickly alter the vegetation structure from a grassland to a shrub
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or woodland (Ratajczak et al. 2012, Archer et al. 2017). Wetlands and meadows are subject to invasion
of purple loosestrife (Lythrum salicaria) and expansion of monocultures of reed canarygrass (Phalaris
arundinacea) and common reed (Phragmites australis) (Caven and Wiese, In Press).

1.3 History of the Crane Trust Bison Herd
In 2013 and 2014 the CT tested the possibility of bison reintroduction by placing 12 bison on loan from
Randy Miller near its Nature and Visitor’s Center along Interstate-80. After a successful trial period, the
CT opted to reintroduce 41 bison in 2015 as a native grazer to a portion of its tallgrass prairies and
establish a conservation herd, dedicated to the genetic, ecological, and cultural recovery of the species.
The bison came from the historic Rimrock Ranch, near Crawford, Nebraska. Former owner of the ranch,
T.R. Hughes, acquired the bison from a friend who suggested they were escaped from Yellowstone
National Park in the 1970’s. Prior to selling the ranch, Hughes sought a home to keep his established
bison herd together and where the bison would be managed to maintain their wild character (Hughes
1998). The bison found their home at the CT in January 2015.
Through natural births at the CT and continued introduction of new bison (e.g., Theodore Roosevelt
National Park, Rocky Mountain Arsenal National Wildlife Refuge, Caprock Canyon State Park), the herd
has grown to over 100 adult bison over the past 6 years. Annually, bison, usually yearlings, are culled
from the herd to keep the population at a regulated grazing density (T. Smith pers. comm., J. Salter pers.
comm.). The herd consists of bison devoid of cattle genetic introgression of mitochondrial DNA and
limited evidence of nuclear introgression. To maintain genetic diversity and increase the species’
resilience, the CT has introduced bison from several founder herds (original genetically distinct
populations) throughout North America. The CT bison herd now contains Agenetics from all but a few of
the founder bison populations and seeks to continue to diversify their bison genetics (Derr and
Boedeker, 2017; Caven, 2020; Caven and Mahlzahn 2022). Genetic diversity for the bison translates into
the production of offspring that have a higher advantage to withstand the threats of disease, a changing
climate, and other evolutionary pressures (Nevo, 2001; Pullin, 2002; Frankham, 2005; Naskar et al.,
2012).
The CT bison may serve as an important case study population to test best management
recommendations of existing literature. For instance, a recent study on the CT bison found that bison
calves and yearlings had higher fecal egg counts of gastrointestinal parasites than adults and that an oral
fenbendazole treatment was more effective than a moxidectin pour-on solution in lowering parasite egg
counts for a longer period of time (Wiese et al. 2021). The herd has also been used to help describe how
male and female bison behavior is related to their rank in the social hierarchy (King et al. 2019).
Additionally, the CT developed a behavioral index to evaluate bison stress during human handling that
avoids invasive, time-consuming, and expensive methods of gauging stress responses (e.g., blood
chemistry; Caven et al. 2021). The increasing interest in the CT bison has enticed further study from
several institutions and researchers outside the CT in research ranging from worker and bison safety
(Finocchiaro 2019) to bison diet (Craine 2021).
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1.4 Need and Purpose
The 2020 Department of Interior Bison Conservation Initiative report outlined five goals for long-term
bison conservation (Hartway et al. 2020). These five goals include: wild, healthy bison herds, genetic
conservation, shared stewardship, ecological restoration, and cultural restoration. Generalized goals are
not enough to guide a successful reintroduction effort, particularly when the reintroduction is part of a
larger ecological restoration program (Ewen and Armstrong 2007). Historically, reintroductions occurred
without a proper evaluative framework to monitor the consequential ecological effects (Lyles and May
1987, Scott and Carpenter 1987) leading to a call for the development of an IUCN reintroduction
specialist group and a greater call for monitoring (IUCN 1998). According to IUCN reintroduction
guidelines, several monitoring considerations need to be taken to reduce the level of uncertainty and
risk around reintroductions. These guidelines include establishing plans and protocols for demographics
(e.g., stocking density), behavioral (e.g., breeding dynamics), ecological (e.g., habitat changes), genetics
(e.g., diversity), health (e.g., mortality causes), and socio-dynamic (e.g., financials) monitoring to detect
complications and assess whether reintroduction objectives are being met. To date the CT has
integrated behavioral (King et al. 2019, Caven et al. 2021), health (Wiese et al. 2021), and ecological
(Caven et al. 2019) monitoring programs into bison management operations, but has yet to clearly
define thresholds of “restoration success” regarding these metrics.
Armstrong and Seddon (2007) emphasize the importance of a priori questions prior to reintroduction to
increase the amount of knowledge obtained from the process and suggest implementation of
monitoring programs with special attention and focus toward ecosystem level questions as a result of
the reintroductions. The CT had four broad questions at the time of bison reintroduction including: how
does long-term bison grazing influence herbaceous vegetation in the Central Platte River Valley, how
does grazing influence avian abundance and communities across multiple temporal scales, and how
does bison grazing influence slough fish communities? A great deal of uncertainty surrounds bison
management, particularly regarding conflicting human values and the importance of preserving the wild
nature of bison (McDonald 2001). Smith et al. (2013) argue that adaptive management to complex
natural resource systems requires careful evaluation to inform managers if ecological goals of a
reintroduction are being met. Bison reintroduction is a costly endeavor, and it is important that
managers have a detailed plan for reintroduction to succeed (Berger-Tal et al. 2019). Despite a
generalized vision for the bison, clearer planning and objectives need to be outlined regarding how
bison are managed for their health, genetics, and grazing practices. Furthermore, critical areas of
uncertainty exist around bison and their reintroduction that may warrant further study, like the
ecological response of the landscape in various settings and regions of their former range (Gates et al.
2011, Matlack et al. 2011, McMillan 2017).
While other plans exist for the management of bison (e.g., Freese et al. 2018: Nahanni Bison
Management Plan 2019), none is a perfect model for the CT, which has the unique challenge of
managing the bison as a reintroduced wildlife species with spatial constraints, while being limited by an
organizational mission of protecting and managing land specifically for the benefit of migratory bird
species. In general, most bison management plans have been focused around large herds, including
federal, state, tribal, and production-oriented herds. Bison managers from all sectors of the bison
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community stand to better manage their herds for ecological recovery if they are offered a real-world
example of an adaptive management plan in which science is used to direct the effectiveness habitat
management, using informed bison management as a vector to rewild landscapes within the confines of
a specific organizational mission. Studies or monitoring programs must be designed to test assumptions
within the CT’s herd and ecological contexts. Furthermore, the CT has a landscape and ecological
monitoring program in place, unique to any other bison management program or smaller conservation
herd (Caven et al. 2019). The CT bison management and research plan helps frame essential research
questions and how their long-term monitoring program will be used to evaluate the ecological impacts
of reintroducing bison. Ecosystem response to bison reintroduction is largely understudied throughout
significant portions of their historical range. Through the ecological monitoring program, the CT will be
able to assess the ecological impacts of bison reintroduction on the avian, small mammal, vegetation,
and other trophic communities. It is imperative that the bison management and research plan fit within
the constructs of the ecological monitoring program (B. Krohn pers. comm., A. Caven pers. comm.). It
must also detail the current and planned protocols that have been designed in addition to specifically
study the bison and evaluate their health.

1.5 Towards Ecological Recovery
Scoping Process and Effort
This plan is intended to determine how the CT will use bison as a unique tool to facilitate multi-taxa
management of vertebrates (e.g., birds), invertebrates (e.g., regal fritillary), and vegetation (e.g., sedge
meadows), thus allowing bison to fulfill their keystone role within the ecosystem. Particular attention is
paid to maintain conservation stocking rates that allow bison sufficient space to make choices about
where to forage, and therefore exert a “semi-natural” influence on the prairie-meadow ecosystem (~10
acres/animal unit; Allred et al. 2011). This management plan draws upon relevant literature of best
practices and ecosystem response for bison management. This plan uses original CT research and
internal documents used as applied decision-making tools for the bison program. Values and direction
for the program were clarified through a series of interactive meetings with members of the CT serving
as the Natural Resource Team (NRT) (Including - President, Director of Conservation Research, Director
of Land Management, Bison Manager, and Habitat Ecologist). The CT NRT was consulted as part of a
series of roundtable discussions using tenets of deliberative democracy in a participatory and
consensus-based stakeholder framework for the meetings (OECD undated). Other members of the CT
staff were included in the meetings as consultants on topics of interest (e.g., Whooping Crane habitat
preferences, database management) and assist in the meeting proceedings (e.g. taking meeting minutes
and notes). Audio recordings of the meetings were also taken to be reviewed for key points during the
plan writing process.
Meetings were based around topics including: culling decisions and handling, bison ecosystem services
and grazing, habitat needs, priority species of management concern, bison health, bison genetics,
cultural engagement, and economic sustainability of the bison program. The meetings evaluated current
habitat management practices within the CT bison range on Freese Scale for Grassland Biodiversity
Conservation (Freese et al. 2014). The NRT assessed the capacity for the CT to contribute to the
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ecological future of North American Bison, as defined by the “Vermejo Statement” (Redford and Fearn
2006, Sanderson et al. 2008). As an organization, the CT invested ≥550 working hours to create this plan
(Appendix 10). A total of eight, 4-hour meetings were held with the primary members of the NRT and
supporting staff, comprising ~220 working hours invested by CT staff for meetings to create this bison
management and research plan (Appendix 10). Members of the CT NRT also reviewed this plan for
clarity and content and provided time for the writing of this plan, comprising ~352 working hours
invested for writing and review (Appendix 10).

Grassland Biodiversity Management Capacity
The CT NRT used the Freese Scale to estimate their capacity for biodiversity-centered management
(described throughout this plan) based on current conditions within the portion of their land currently
managed with bison grazing (Freese 2010). This scale is an evaluative framework used by the American
Prairie Reserve to define potential and limitations for grassland management to restore ecological
function in bison management unit (Freese et al. 2014). The members of the NRT evaluated their
management capacity individually and were then asked to deliberate on their individual scores to
develop a consensus score and justification for each factor in the scale (Figure 2). The results of the
Freese Scale assessment indicated that some of the greatest contributions to grassland biodiversity
result from the CT land being under conservation protection and that it remains largely virgin (untilled)
prairie and several ecosystem processes are still in place as a result. For instance, the highest scores
were in temporal ecological variability and replication of natural herbivory patterns, indicating that the
climatic conditions of the landscape are still intact and that grazing management has been oriented
towards the promotion of habitat diversity. The use of prescribed fire and soil and vegetation
management received moderately high scores, indicating that though fire is used as a management tool
and we have an overall goal of promoting native plant species diversity, the CT has room for progress to
incorporate more frequent fire on the landscape to control woody species encroachment and still has
work to do to control invasive species (especially cool season exotic grasses). A mediocre score in
hydrology and presence of herbivorous mammals indicate that both ecosystem drivers are partially
intact, but have limitations, including dramatic changes to river flows and loss of native grazers that
were once present on the landscape (e.g., prairie dogs). The fact that most bison (and cattle) are
removed from the system prior to death (i.e., sold, harvested, or moved) led to a lower score, however
some instances of unexpected deaths and culling management decisions does occasionally lead to large
ungulate decomposition on the landscape. The greatest limitations for the CT bison range to contribute
to grassland biodiversity were habitat fragmentation, presence of big (apex) predators, and size of
management units. These results are not surprising given the current state of tallgrass prairie in the
Platte River Valley. Most of what is left is in small non-contiguous parcels, nearly always excluded by
fences. The lack of apex predators is common across all the Great Plains, as most large predators (e.g.,
wolves and mountain lions) were intentionally irradiated during European settlement. However, it is
noteworthy that the presence of some species (both herbivorous mammals and large predators) is
occurring in the area more frequently. Occasionally elk and mountain lions have been documented on or
near the CT properties (Caven et al. In Prep). Though reintroduction of large carnivores to the CT is not a
feasible option at this time, comprehensive conservation plans often propose the reintroduction of
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other native keystone species (e.g., bison, prairie dog, beaver) return ecological processes and rewild
landscapes (USFWS 2016).

Freese Scale Consensus Score for Crane Trust Bison Pastures
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Figure 2: Freese Scale (Freese et al. 2010) consensus results of the Crane Trust Natural Resource Team (CT NRT) for their bison
herd. A score of 7 indicates the greatest capacity to contribution manage biodiversity in grassland systems.

Bison Ecological Recovery Capacity
The CT NRT assessed their capacity for to contribute to the ecological recovery of American bison, as
defined by the “Vermejo Statement” using the Sanderson Scorecard (Redford and Fearn 2006,
Sanderson et al. 2008). The Vermejo Statement defined bison recovery as when multiple large herds
move freely across extensive landscapes within all major habitats of their historic range and interact in
ecologically significant ways with the fullest possible set of other native species and inspiring sustaining
and connecting human cultures. Just as the Freese Scale was evaluated, each category of the Sanderson
Scorecard was reviewed individually by the NRT, deliberated on, and a consensus score was settled
upon (Figure 3). Based on these scores, the CT bison herd fulfills several of the categories that
contribute to bison recovery as a species (described throughout this plan). For example, the herd
received top scores in the geographical representation area, which is not surprising since the CT is
located in the heart of the Great Plains. The CT herd also scored high in categories relating to the health
and genetic recovery of bison, which can be attributed to their genetic and health management
strategies (Chapters 3-4). A wide range of scores within the socio-political environmental capacity are
results of lower scores because bison lack species protection in Nebraska, a low level of bison recovery
support in the state, previously obscured objectives of the herd, but was mediated through a high
capacity for the CT NRT to manage their herd. (described throughout this plan). Mediocre scores in the
human cultural interactions indicate that the CT has yet to fully explore options regarding cultural
engagement with the public and loose ties with indigenous cultures (Chapter 5). There was also some
range in categories regarding landscape size and use (see Freese Scale scores above, Chapter 2). Lower
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scores in herd size and composition result from the limited range and recommended carrying capacity
(Chapter 2) and are limitations shared with many conservation-oriented herds within the non-profit
sector (Rogers 2021).
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A score of 5 represents the greatest contributions to bison recovery.
Figure 3: Sanderson Scorecard (Sanderson et al. 2008) consensus results of the Crane Trust Natural Resource Team (CT NRT) for
their bison herd. A score of 5 indicates the greatest capacity to contribute to each category relating to the recovery of American
bison as a species. Bars are grouped by colors, indicating how each category contributes the greater goals of bison recovery
(“Vermejo Statement”) including: herd size and composition (light blue), landscape size and use (purple), ecological interactions
(yellow), human cultural interactions (red), geography (green), health and genetics (dark blue), and socio-political
environmental capacity (orange).

The results of these assessments indicate that there are several opportunities for the CT to contribute to
the recovery of bison as a species, while allowing them to refill their role as an ecosystem engineer on
the landscape. These results helped guide the CT NRT to developed concrete goals (see below) and
outlined a clearer pathway to manage the CT bison well into the future. The current bison practices of
the CT would generally meet the standards of a “conservation herd” under the second iteration of
IUCN’s GSA (Rogers 2021). Uncertainties about bison management have set the stage for future
research and helped define what data needs to be collected future management actions measurable
and adaptable. This plan proposes ways in which education and outreach efforts can be bolstered, both
for the bison and for the organization using the bison as a vector. Here we solidify the, CT’s long-term
vision for their bison herd, while actualizing the value of a small conservation herd for the recovery of
the species across North America (Rogers 2021). Bison management plans in the context of a small
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conservation herds are relatively lacking in availability, and even fewer grapple with the complexities of
multispecies management objectives. The contents of this management plan provide a practical way
forward for the CT NRT and other small conservation herd managers alike.

1.6 Bison Vision Statement and Program Goals
“The Crane Trust will use bison as a self-sufficient and sustainable management tool to protect and
maintain the physical and biological integrity of the Big Bend reach of the Platte River so that it
continues to function as a life support system for Whooping Cranes, Sandhill Cranes, migratory bird
species, and regional plant and animal species of conservation concern, while contributing to the genetic,
ecological, and cultural recovery of Plains Bison.”

Goal 1: Improve ecosystem structure and function by reintroducing bison as a keystone species to
enhance the diversity of the native prairie and wet meadow ecosystem along the Platte River.
Goal 2: Support the genetic recovery of bison in North America and provide a model of genetic diversity
management.
Goal 3: Maintain bison wellbeing with limited human intervention and develop standard operating
procedures to monitor bison health while maintaining the safety of bison and bison handlers.
Goal 4: Improve outreach and education efforts, contributing to the cultural significance of bison by
impressing the story of their extinction and recovery, and the need to conserve native habitats similarly
on to visitors and the community.
Goal 5: Develop strategies of long-term economic sustainability for the bison program using
ecologically sound culling decisions.

Bison Man. & Res. Plan - Chapter 2: Ecosystem Management
and Monitoring
Page|16

Chapter 2: Ecosystem Management and
Monitoring
Goal 1: Improve ecosystem structure and function by reintroducing bison as a keystone species to
enhance the diversity of the native prairie and wet meadow ecosystem along the Platte River.

2.1 Objectives
•
•
•
•
•
•

Reintroduce bison as a keystone species across suitable habitat range within the Big Bend reach
of the Platte River Valley to provide heterogeneity in habitat structure.
Restore ecosystem function in service of birds, making special considerations for species of
conservation concern in the region.
Reestablish the historic interaction of fire and bison grazing.
Restore or maintain native plant cover on CT lands by multiple means of grassland and riparian
habitat management.
Monitor and record the vegetative and wildlife response to habitat management, including the
transition of seasonal cattle grazing to year-round bison grazing.
Evaluate monitoring results to make adaptable land management decisions and share the
results with other habitat managers and the scientific community.

2.2 Background
Grazing and Birds
The entirety of the current Whooping Crane migration corridor and a significant portion of the Sandhill
Crane Migration route exists within the historic bison range (Figure 1). Bison, grazing as an ecosystem
engineer, throughout the Great Plains would have likely had a strong influence of on the structure and
function of North American crane wintering and breeding grounds and throughout their migration.
Cranes, at least during migration through the Central Platte River Valley, prefer grasslands and meadows
that are relatively short in vegetation structure (Reinecke and Krapu 1986, Iverson et al. 1987, Pearse et
al. 2017), especially around their roosting habitats, both in the river and in the adjacent wet meadows.
Rotational grazing has been demonstrated to be an effective grazing strategy to promote Sandhill Crane
foraging (Carroll 1999). However, chronic overgrazing and direct disturbances from livestock can be
detrimental to cranes and has indirect consequences like altered wetland hydrology and decreased fire
potential (Austin et al. 2018). Due to limited interactions and accounts, the relationship between bison
and cranes is not clearly understood, but the significant overlap of their historical range cannot be
overlooked.
Bison may provide a low-infrastructure alternative to cattle grazing which reduces environmental
degradation and is capable of supporting diverse grassland bird communities (Fleischner 2004, Boyce et
al. 2021). Bison grazing may give advantages to such species as Grasshopper Sparrow and Vesper
Sparrow in mixed-grass systems (Boyce et al. 2021). Areas frequently grazed by bison may increase
densities of Vesper Sparrows, where less frequently grazed patches may increase densities Western
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Meadowlarks in shortgrass systems (Fagre 2018). Pasture size and stocking rates are both known to
mediate effects of grazers on grassland bird communities (Sliwinski and Koper 2015, Lipsey and Naugle
2017, Vold et al. 2019). Optimum stocking rates for bird communities varies with rangeland productivity
(Lipsey and Naugle 2017), therefore directly comparing how avian communities at one site or study
reacts to bison reintroduction may not be immediately applicable. Nest success of grassland birds in
bison grazed areas has been shown to fluctuate between years, but is thought to have no negative
impacts on nest success in grassland nesting birds (Herakovich et al. 2021).
Inherent differences, such as shrubby cover, vegetation type, or soils, between different pastures plays
an important role in the habitat suitability for bird communities. Therefore, bison grazing may
differentially affect avian species response, simply based upon these inherent differences between
pastures and the existing avian assemblage within them (Fagre 2018, Herakovich et al. 2021). However,
some research calls for caution against heavily stocking bison in the Central Platte River Valley, as Kaplan
et al. (2021) found that annual grazing of bison at 7 acres/AU led to declines in Bobolink numbers. They
suggested that stocking rate for bison be maintained at lower levels, more similar to those used by the
U.S. National Park Service or indigenous herds in less vegetatively productive systems (30-500
acres/AU). These results may also indicate some risk to grazing bison throughout the winter in certain
pastures, but could alternatively reflect a local increase shrubby encroachment, which Bobolinks tend to
avoid. This may be due to a lack of prescribed fire and management decisions in recent years in the
studied pasture. Therefore, the conclusions of Kaplan et al. (2021) may have been spurious and should
be interpreted with caution considering only two bison-grazed sites were assessed as part of the study
(A. Caven 2021 pers. comm.).

Bison vs Cattle
Grazing with domesticated cattle has broadly been used by conservation range managers as a substitute
for bison grazing to maintaining grassland ecosystems. Carefully planned and well-timed cattle grazing
can have similar effects on ecological function and structure of grasslands as bison grazing, however
several differences in their behavior, landscape use, dietary selection, and metabolic requirements are
distinctly different than cattle (Hartnett et al. 1997). The ecological consequences of these differences
are not fully understood and there still remains debate about whether cattle grazing can be used as an
ecological analogue for bison grazing (Fuhlendorf et al. 2010, Kohl et al. 2013). Furthermore, studies
examining their comparative grazing ecology have not fully accounted for a suite of habitat conditions
and environmental factors, have not controlled for differences in management, or been examined in all
of the various grassland types that bison historically grazed (Fuhlendorf et al. 2010, Allred et al. 2011,
Caven et al. 2019).
Bison and cattle share an ancestral lineage and are in the Bovidae family, but evolved under very
different climatological conditions. Bison evolved under colder and even subarctic conditions with high
seasonal variability, while cattle were domesticated in more tropical climates of southern Europe and
the Middle East (McTavish et al. 2013). Bison are highly adaptable species that were able to occupy
numerous climactic ranges from the interiors of Canada to northern Mexico (Potter et al. 2010) (Figure
1). Bison have much thicker winter fur and are able to forage in deep snow, therefore bison seldom

Bison Man. & Res. Plan - Chapter 2: Ecosystem Management
and Monitoring
Page|18
need supplemental feed during the winter unlike cattle, which are usually moved off the rangeland in
the winter (Meagher 1973, Carbyn et al. 1993).
Both are ruminants are thought to largely comprise their diets of graminoids (grasses and sedges), and
both are thought to be more generalist “bulk” grazers and lest selective compared to deer and elk
(Hofmann and Stewart 1972, Thomas 1991). Bison appear to select courser and less digestible forage
than cattle (Peden et al. 1974, Schaefer et al. 1978). In tallgrass prairies bison grazing tends increase
mid-grasses like side oats gramma and western wheatgrass by selectively grazing big bluestem,
Indiangrass and other tall grasses (Hartnett et al. 1996, Knapp et al. 1999). Several have suggested that
cattle incorporate more forbs into their diets than bison (Peden et al. 1974, Van Vuren and Bray 1983,
Plumb and Dodd 1993, Gogan et al. 2010). However, DNA barcoding and spectroscopy of bison fecal
samples suggests that bison may be more selective than cattle and shift their diets seasonally (Craine
2021). Protein tends to be a limited resource in rangelands and will become more limited as climate
change continues (Craine 2017). Bison may be more selective in grazing than cattle. Bison diet
preference shifts both spatially in different locations and climates (Peden et al. 1974, Jorns et al. 2019,
Hecker et al. 2021, Craine 2021) and temporally with seasons (Hecker et al. 2021; Craine 2021; Thomas
et al. 2021). Bison focus on grazing graminoids throughout the year, engineering and maintaining fresh
growth of nutrient rich vegetation through the “green wave” (Geremia et al. 2019), but have a greater
dietary niche throughout the spring and summer (Hecker et al. 2020).
Grazing behaviors and patterns of large herbivores can be influenced biotically (e.g., forage availability,
predation, drought, etc.) or abiotically (e.g., distance to water, terrain, etc.) (Bailey et al. 1996).
However, bison are thought to move more frequently, travel further from water, spend less time in
riparian areas, and to feed more frequently throughout the day than cattle (Plumb and Dodd 1993,
Manning 1995, Fritz and Dodds 1999, van Vuren 2001, Reynolds et al. 2003, Allred et al. 2011). Bison
create a patchwork of heavily grazed sites, lightly grazed and ungrazed sites, which becomes quite
evident with time in tallgrass prairies (Hobbs et al. 1991, Hartnett et al. 1996, Knapp et al. 1999). Bison
select against riparian areas, therefore likely have a reduced negative impact on riparian vegetation and
aquatic ecosystems compared with cattle (Grudzinski et al. 2018). Riparian habitats that are intact
provide multiple benefits to terrestrial and aquatic biodiversity in grasslands (Dosskey 1998, Limb et al.
2009). Both bison and cattle prefer grazing in recently burned areas (Coopedge et al. 1998, Fuhlendorf
and Engle 2001). Bison are thought to prefer more open grazing areas, while cattle prefer areas with
woody vegetation over bison (Fuhlendorf et al. 2010). An important behavioral implication for
biodiversity is the creation of wallows. Wallows can be described as bowl like depressions which are
created from frequent disturbance the soil. Wallowing is used as a way to remove skin parasites, shed
winter fur (molting), provide relief from biting insects, and as a social behavior (Geist 1982, Reinhardt
1985, Carbon-Racyznska et al. 1987, Mooring and Samuel 1998, McMillan et al. 2000). Both cattle and
bison wallow to some degree, but bison, especially bulls and adult females (cows), wallow at a frequent
rate (Coopedge and Shaw 2000). These depressions result in a different plant community, soil
characteristics, help distribute seeds, and add localized habitat heterogeneity (Polley and Collins 1984,
Polley and Wallace 1986, Rosas et al. 2008, McMillan et al. 2011, Caven 2019). Decreased movement
and increased grazing intensity of cattle, combined with a general practice of high stocking densities,
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have had a homogenizing effect on vegetation on a landscape scale and has added to the decline of
grassland-obligate species (Knopf 1996, Fuhlendorf et al. 2006, Kohl et al. 2013).
McMillan et al. (2017, 2019) found higher species richness and compositional heterogeneity (βdiversity), but lower forb abundance in areas where bison had been reintroduced as opposed to cattle
grazed or the removal of grazing all together. Contradictorily, Towne et al. (2005) found that annual and
perennial forb diversity increased at a faster rate with bison grazing when compared to cattle grazing in
tallgrass prairie. Towne et al. (2005) hypothesized that most measurable differences between bison and
cattle grazed pastures in tallgrass prairie may be minor, however the biggest differences in prairie
vegetation that can be observed are likely linked to how the species are typically managed (Towne et al.
2005).
Grazing regime can change how grazing species effect vegetation in temperate grasslands (Rook et al.
2004, Jerrentrup et al. 2015). Continuous grazing, where grazers are allowed to move freely to all areas
of a pasture throughout a growing season, promotes distinct short and tall grass patchiness (α-diversity)
(Singer et al. 2001). While rotational grazing, where access to pastures is limited spatially and temporally
throughout the growing season, leads to more uniform grazing across the landscape (Williams et al.
2017, Kenny 2016), which can promote (β-diversity) when applied correctly and pasture vegetation is
allowed to periodically rest. Grazing intensity affects grassland vegetation and patch structure. In
general, the extent of grazing effects on vegetation is a product of stocking density and stocking rate.
Though we are coming to understand there are greater differences between species of grazers. For
example, cattle tend to graze more evenly with increased stocking density and promote homogenous
pastures of plants that tolerate grazing (Dumont et al. 2012, Tonn et al. 2019), while horses will continue
to graze heterogeneously and create patchy vegetation structure in pastures with heavy defoliation of
some areas and other areas (latrine sites) left ungrazed (Ödberg and Francis-Smith 1977).

2.3 Current Bison Range
Bison have a stronger preference for upland habitat, the most conducive areas of the CT lands were
chosen for their reintroduction. The most appropriate portion of their land is located on Shoemaker
Island, which typically experiences less frequent flooding, a greater depth to groundwater, and soils that
tend to be sandier in composition than other parts of the CT (Caven and Wiese In Review). Shoemaker
Island is located near the CT’s Nature and Visitor Center and the location of the main offices and
headquarters, which allows the NRT a greater capacity to monitor the herd (Figures 4 & 5). Shoemaker
Island is predominately located between the north and middle channel of the Platte River, whereas
Mormon Island is located between the middle and south channel. Due in part to a greater extent of
channelization on the north channel, Shoemaker Island experiences less frequent flooding and is more
publicly accessible than Mormon Island (Figure 4; Table 1). The bison range on Shoemaker Island offers a
higher density of upland ridges (sand ridge prairie), which are preferred by bison for summer grazing,
wallowing, and gives them areas of higher ground to move to in times of periodic flooding. Shoemaker
Island contains a network of ephemerally to occasionally flooded dry sloughs and abandoned river
channels, as well as two functional perennial sloughs (referred to here as Calving Pasture Slough and Big
Slough).
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The bison range is composed of several major vegetation communities and, for the purposes of
developing habitat management objectives and priorities, can generally be separated into two major
ranges (Table 2; Figure 5). The northern portion of the bison range on Shoemaker Island, which is
typically drier and has more topography, we refer to in this plan as the North Unit (520 acres) (Table 1;
Figure 6). The southern portion of the bison range, which experiences more frequent flooding and has
less topographical variation, we refer to as the South Unit (535 acres) (Table 4; Figure5). There is also
potential of adding bison fencing around an additional 230 acres of primarily wet meadow and
transitional habitat (East Unit) east of the current to the South Unit (Table 1; Figure 5). Following the
removal of interior fences (Appendix 4), the current bison range is divided into four paddocks that are
referred to by their historic names, Ruge-South Brown, Calving-Office Pasture, North Meadow, and Big
Slough. The North Unit spreads across 1.5 paddocks and includes the Ruge-South Brown paddock and
includes the former Calving Pasture (Figure 4). The South Unit spreads across 2.5 paddocks and includes
North Meadow pasture, Big Slough pasture, the former Office Pasture (Figure 5). The CT has entertained
creating two large bison pastures using these relatively ecologically distinct ranges as described here.
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Figure 4: A map of the properties currently owned by the CT (white lines). The two large islands are marked with shaded polygons. Shoemaker Island (orange) is grazed mostly by bison, while
Mormon Island (purple) is grazed solely by cattle. The CT Headquarters (CT HQ, Yellow) and the CT Nature and Visitor Center (NVC, blue) are also marked.
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Figure 5: A map of the CT’ current and potential bison range. Shaded polygons represent the North (red), South (Blue), and East (Yellow) Units. Colored lines represent the current bison
management pastures. The Nature and Visitor Center Pasture (pink lines) contains the smaller bison metapopulation. The Ruge-South Brown (orange lines), Calving-Office (yellow lines), North
Meadow (teal lines), and Big Slough (red lines) contain the larger bison metapopulation.
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Table 1: An explanation of the bison units within the bison range. This includes the historic pasture names prior to fence removal, soil composition and flooding frequency (USDA-NRCS), current
monitoring plots, and management goals.
Range
North
Unit

South
Unit

East
Unit

Total
Acres
520

535

230

Historic Pasture Names
(Acres)
Ruge (255)
South Brown (130)
Calving Pasture (135)

Dominant Vegetation
Communities
1 - Lowland Tallgrass Prairie
2 - Sandridge Prairie
3 - Shrubland
4 - Shallow Marsh

North Meadow (185)
Office Pasture (130)
Prairie Dog (80)
Middle Pasture (65)
Big Slough (75)

1 - Lowland Tall-grass
Prairie
2 - Wet Meadow
3 - Sandridge Prairie
4 - Shallow Marsh
5 - Deep Marsh

Narrows (40)
Hay Meadow (65)
East Pasture (125)

1 - Wet Meadow
2 - Lowland Tallgrass Prairie
3 - Sandridge Prairie

Soil Composition
Platte-Bolent Complex
(340 Acres)
Bolent-Calamus Complex
(130 Acres)
Inavale Loamy Sand, 3-11% Slope
(32 Acres)
Gothenberg Loam
(18 Acres)

Platte-Bolent Complex
(230 Acres)
Bolent-Calamus Complex
(198 Acres)
Inavale Loamy Sand, 3-11% slope
(43 Acres)
Gothenberg Loam
(21 Acres)
Calamus Loamy Fine Sand
(16 Acres)
Platte-Inavale Complex
(11 Acres)
Bolent Fine Sandy Loam
(11 Acres)
Barney Complex Channeled
(5 Acres)
Bolent-Calamus Complex
(136 Acres)
Platte-Bolent Complex
(39 Acres)
Platte-Inavale Complex, 0-6% slope
(20 Acres)
Inavale Loamy Sand, 3-11% slope
(14 Acres)
Gothenburg Loam
(14 Acres)
Calamus Loamy Fine Sand
(7 Acres)

Flooding
Frequencies
Occasionally
(90%)
Very Rarely
(6%)
Frequently
(4%)

Monitoring Plots

Management Goals

R1,R2,R3,R4,
R5,SB1,SB2,SB3,
CP1,CPW4

Provide a mosaic of habitat structure
Reduce woody species expansion
-(except buffaloberry)
Reduce cool season grass cover
Recreate self-sustaining savannas in areas of
tree clearing
Prevent overgrazing on ridges

Occasionally
(84%))
Very Rarely
(8%)
Frequently
(4%)
Rarely
(3%)
Flooded
(1%)

NM1,NM2,NM3,
OP1,OP2,PD1,
PD2,M1,BS1

Occasionally
(85%)
Very Rarely
(6%)
Frequently
(6%)
Rarely
(3%)

N1,HM1,EP2

Plus CP Slough
Monitoring

Plus BS Slough
Monitoring

Provide a mosaic of habitat structure
Provide open surface water and meadows
Reduce cool season grass cover
Increase native floral diversity
Prevent overgrazing on ridges

Provide open surface water and meadows
Reduce cool season grass cover
Increase native floral diversity
Prevent overgrazing on ridges
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Forage Availability and Stocking Rate
The CT estimates that on an average year, approximately 4,000 lbs. per acre of biomass production.
According to the “take half, leave half” method, only half of that is considered available forage. Usable
forage is assumed half of the available forage; therefore, each acre of grassland contains approximately
1,000 lbs. per acre of utilizable forage. The bison currently have access to graze 1110 acres, equating to
an estimated 1,110,000 lbs. of utilizable forage per year. An adult bison consumes approximately 80%
(comparable to cattle, NRCS 2003) of its body weight in a month. Assuming an average weight of a bison
is 1,000 lbs., we estimate that 800 lbs. of utilizable forage is needed per bison per month. Since the
bison will be grazed year-round on the landscape, 12 months of utilizable forage is needed for each
bison. This equates to 9,600 lbs. of utilizable forage needed each year. The maximum stocking rate for
the CT’s bison range is calculated using the 1,110,000 lbs. of utilizable forage, divided by 9,600 lbs. of
utilizable forage needed per year for each bison. Therefore, the maximum stocking density for the CT
bison is 115.6 animal units grazed annually. Here we define animal units (AU) as bison greater than 1
year of age by the spring of the current year. By this definition cow/calf pairs are considered as one
animal unit until the first of a new year (January 1).
The CT bison herd is currently kept in two metapopulations. A smaller metapopulation of bison inhabits
a 60-acre pasture near the CT’s Nature and Visitor Center (NVC) (Figure). This metapopulation serves as
a means for greater public engagement and accessibility (Chapter 6). The area available in this pasture
equates to a recommended maximum annual stocking density of 6.25 AU, however, concerns over an
unbalanced social structure and the means to manage for genetic diversity (Chapter 3) have prompted
to stock this metapopulation at a higher density of 10 AU (T. Smith pers. comm., J. Salter pers. comm.).
Though this stocking density is above what is recommended to conform to the “take half, leave half”
philosophy, there is still ostensibly adequate forage availability for them (T. Smith pers. comm.). The
larger bison metapopulation inhabits four pastures, totaling 1,050 acres, of which they have access to at
different times of the year. For the larger metapopulation to meet management goals, 110 AU are
needed. The ecological management portion of this plan focuses on the habitat needs for the larger
metapopulation.
Analysis of nutritional quality and growing season diet by DNA barcoding revealed that our bison are
foraging on a wide variety of plant species and shift their diets throughout the season (Figure 6). Target
crude protein (CP) levels for bovid forage for optimal growth are 6-8%, while target digestible organic
matter (DOM) is >50% for optimal growth and higher calving rates (Crane 2021). The ratio between CP
and DOM is important for weight gain (target CP:DOM ratio between 4-7) (Craine 2021). Our bison find
adequate CP:DOM ratios for weight gain between April and August (mean = 6.0, range = 4.6-7.3)
(Figures 7 & 8). Bison will use forbs and legumes to meet their protein requirements for weight gain at
certain times of the year (Craine 2021), which questions the assumptions of previous literature on the
generalist nature of bison diet (e.g., Peden et al. 1974, Thomas 1991). In the winter, when their
metabolism is suppressed, bison tend to graze on the rougher forage of lowlands and meadows which is
has been left standing from the growing season (CT, unpublished grazing assessment data). This has
resulted in a patchier landscape when compared to cattle grazing practices.
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Large Herd Dietary Composition (2019)
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Figure 6: Results of functional vegetation group sequencing of the Crane Trust bison herd throughout the growing season.

Large Herd Nutrition (2019)
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Figure 7: Crude protein (%CP) and digestible organic matter analysis of the Crane Trust bison diet. Crude protein levels 6-8% are
optimal for growth. Digestible organic matter >50% is recommended for growth and is particularly important for mothers with
calves.
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DOM:CP Ratio
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Figure 8: Digestible organic matter to crude protein ratio of the Crane Trust bison herd. A DOM:CP ratio between 4-7 is
indicative of growth and weight gain.

2.4 Long-term Biological Monitoring Program
The ecological effects of bison reintroduction on CT properties will be evaluated through their long-term
biological monitoring program. The program, started in 2015, consists of a network of terrestrial
monitoring plots, where sites of permanent plots were selected based upon an ecotope concept where
soil maps, land use history, aerial imagery, topography, flooding frequency, and vegetative communities
(see Caven et al. 2017, Crane Trust Long-term Biological Monitoring Plan). There is a total of 25
terrestrial monitoring plots on Shoemaker Island, 19 of which are located in the current bison range and
3 are located in the potential bison range (Tables 1 & 2). The biological monitoring program will help the
CT NRT evaluate the following priority areas through systematic surveys:
•
•
•
•
•
•
•

Floral and Faunal Responses to Bison Reintroduction in Vegetative Systems along the Platte
River.
Comparative Effects of Bison and Cattle Grazing on Floral and Faunal Communities.
Effects of Winter and Dormant Season Grazing on Cool Season Grasses
Responses of Sloughs and Riparian Areas to Bison Reintroduction
Effects of Patch Burn Grazing to Promote Native Species Diversity
Comparing Bison Seasonal Diet Preference to Vegetative Response
Response of Savana Restorations with Bison Grazing

Each monitoring plot consists of a 100-meter vegetation transect line and a parallel 200-meter wildlife
transect line located 10 meters away from the vegetation line. Vegetation is assessed minimally on a 2year rotation during the summer growing season (late June – mid September in most years) using two
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widely accepted methods. The point-line intercept method is used to track dominant plant species,
habitat structure, and ground cover, while quadrat ocular cover estimation method is used to track
species coverage and richness. From this data, yearly quantitative summaries are conducted to track
species dominance, coverage of woody and exotic species, and other qualities of vegetation and record
management actions.
Terrestrial wildlife response to grassland management is assessed on the wildlife transect (Crane Trust
Long-term Biological Monitoring Plan). Here the Crane Trust conducts auditory and visual avian point
counts under the same 2-year rotation minimum, however unlike vegetation, avian species are assessed
twice per breeding season (late-May to mid-July) at each plot. On a subset of long-term plots, small
mammals are sample using Sherman traps in the late summer and early fall. Additionally, another subset
of long-term plots is used to monitor two butterfly species of conservation concern, the Monarch
butterflies (Danaus plexippus) and regal fritillaries (Speyeria Idalia).
The two sloughs with in the bison range are monitored for native and exotic fish and water quality. Each
slough is sampled twice during the month of September using sein nets. During the same time, metrics
of water quality, including turbidity, depth, temperature, dissolved oxygen, presence of water quality
indicator insects, and flow speed are measured. The habitat conditions on the banks of the slough are
also recorded, including dominant vegetation species, bank slope, and the composition benthic
substrate.

2.5 Wildlife Use and Management Considerations
The CT NRT has identified several species of management interest within the North and South Units of
the bison range (Table 2). Management within bison pastures may or may not be conducive to
supporting all of these species, however they all need to be considered when developing yearly habitat
objectives. The NRT may need to augment certain practices to opportunistically provide the appropriate
habitat structure on portions of the bison range. Generally speaking, bison under the current stocking
density provide a localized patchy structure and an intermediate level of grazing across their ranges (CT
Unpublished Grazing Assessment Data). The CT NRT may incorporate haying and prescribed fire
followed by bison grazing to produce short habitat structure needed by some species, while resting or
enclosure may be needed to provide taller habitat structure for others. Timing, seasonality, and scale of
management actions are also important to consider for several of these species.
Intuitively, the NRT has identified Sandhill and Whooping Cranes as species with the highest
management priority. Whooping Cranes are a federally endangered species and a Tier-1 species of
concern in Nebraska, while Sandhill Cranes are listed as a Tier-2 species of concern in the state (NGPC
2018). Cranes prefer seasonally wet meadows for foraging opportunities during their migration as they
offer invertebrates for calcium and protein requirements that cornfields do not provide (Reinecke and
Krapu 1986, Howe 1989, Austin and Richert 2005). Within the current bison range, the South Unit is the
most conducive for cranes, however their use of these meadows is somewhat sporadic and restricted to
the eastern portion of Shoemaker Island, like due to the close proximity of the CT headquarters
buildings (Baasch et al. 2019, Pearse et al. 2017). Cranes prefer meadows with intermediate to short
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vegetation and will use areas that have been grazed, hayed or recently burned (Reinecke and Krapu
1986). However, Whooping Cranes in particular may select areas with at least some moderate
vegetation height that provides habitat for some vertebrate forage items (e.g., Geluso et al. 2013).
Grassland management objectives and practices for controlling cool-season exotic grasses may
opportunistically benefit crane use by providing suitable habitat structure conditions. With the
orientation of the current bison fence, bison will not have an impact suitability of roosting habitat or
bank vegetation along the Platte River. However, if the bison range is ever extended to cross the river,
their movements have been shown to have some destabilizing and widening effects on river banks and
streams (Fritz et al. 1999), which may contribute to improved crane habitat (Krapu et al. 1984, Sidle et
al. 1993).
Several avian species that use the CT wet meadows were noted by the NRT to be of management
concern. Bobolinks are an umbrella species for grassland bird conservation and are of concern in North
America (NABCI 2016). Sedge Wrens (Cistothorus stellaris) are a Tier-2 species of conservation concern
in Nebraska (NGPC 2011). Vesper Sparrow (Pooecetes gramineus) are a species of regional concern in
the state (Wilsey et al. 2019). Each of these species has a different habitat structural requirement and
may need additional management actions to suitable habitat for them outside of bison grazing. For
example, Bobolinks are neotropical migrants that breed in Nebraska and prefer taller meadow
vegetation for breeding. Early season bison grazing may have negative effects on Bobolink breeding
success (Kaplan et al. 2018), and areas in the South Unit may need to be rested or temporary fences
erected to provide a taller grassland structure. Sedge Wrens are a migrant species that prefer areas of
intermediate-high vegetation height as well, and likely will benefit from the habitat structure provided
by bison selective grazing against riparian areas and meadow sloughs. Vesper Sparrows are a breeding
bird in the state and prefer meadow areas with short to sparse vegetation and positively respond to
bison grazing (Boyce et al. 2021). Bison grazing may not always reduce the vegetative structure in these
meadows, however fire and haying in a patch graze framework could provide the necessary habitat
conditions.
Several upland grassland birds of conservation concern were noted as species of conservation concern
in the North Unit. Grasshopper Sparrow (Ammodramus savannarum), Savanna Sparrow (Passerculus
sandwichensis), and Loggerhead Shrike (Lanius ludovicianus) are all upland native avian species in steep
decline (Sauer et al. 2013, Partners in Flight 2016). Much like the birds of concern in the lowland range,
each of these birds exist on a spectrum of preferred habitat structure. Grasshopper Sparrows prefer
intermediate levels of habitat structure and respond favorably to bison grazing (Boyce et al. 2021). Glass
et al. (2020) also indicated that Grasshopper Sparrows increased with grazing as well, particularly during
wet periods. Both Savanna Sparrow and Loggerhead Shrike tend to prefer short vegetation structure
and will likely benefit from concentrated bison grazing on preferred areas like ridges in the North Unit.
Two representative small mammal species of concern have been identified by the NRT in the bison
ranges. The plains harvest mouse (Reithrodontomys montanus) is a Tier-1 species of concern in
Nebraska and is locally abundant in the North Unit (NGPC 2018, CT Unpublished Monitoring Data). This
species prefers heavily grazed open prairies and may benefit from bison preference to graze uplands
more heavily. The meadow jumping mouse (Zapus hudsonius) is a species that is locally abundant in the
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CT meadows, but is at the eastern edge of its continental distribution at this location This species prefers
intermediate to tall vegetation with herbaceous cover. The tendency for bison to avoid grazing lowland
and riparian areas may help produce appropriately taller vegetation within the South Unit.
The NRT has identified two herpetofauna species of management concern throughout the bison range.
Grazing and prescribed fire can have variable effects on herpetofauna (Harner and Geluso 2011). The
smooth green snake (Opheodrys vernalis) is present in the North Unit and is a Tier-2 species of
conservation concern in Nebraska (NGPC 2018). Smooth greensnakes do not respond well to extensive
grazing and may benefit from the patch nature of bison grazing in the mesic prairies (USDA 2011). Other
management practices, such as prescribed fire, may also have negative effects on smooth green snakes
(Caven et al. 2017). The boreal chorus frog (Pseudacris maculata) is common herpetofauna species in
the wet meadows and wetland complexes at the CT (Brinley Buckley et al. 2021). It is noted here as a
representative species of management concern because it, and other anurans that share the same
habitat, are known or expected to be important food sources for Whooping Cranes during spring
migration (Geluso et al. 2013, Caven et al. 2021). Bison wallows may also occasionally provide
ephemerally wet pools for frog spawning (Gerlanc and Kaufman 2003).
The NRT has identified native slough fish as a group of management concern, but are most concerned
with the response of plains topminnow (Fundulus sciadicus) in the sloughs within both of the bison
ranges. Plains topminnow is a Tier-1 species of concern in Nebraska (NGPC 2018). Grazing can have
negative effects on water quality (Bonner and Wilde 2002) and may alter riparian habitat and channel
morphology (Gorman and Karr 1978, Jones et al. 1999). The effect of degraded water quality likely
contributes to exacerbate the losses of native prairie stream and slough fish species, such as the plains
topminnow and brook stickleback (Culaea inconstans). Low water quality favors non-native fish species
such as common carp (Cyprinus carpio), green sunfish (Lepomis cyanellus), and western mosquitofish
(Gambusia affinis) (Frenzel and Swanson 1996, Rahel 2002, Fischer and Paukert 2008). However, bison
grazing likely results in lower suspended solids and less bare ground in and along prairie streams
compared to moderate and intensive cattle grazing (Grudzinski et al. 2016, Grudzinski et al. 2018). The
tendency for bison to avoid grazing in riparian and stream habitats (Larson et al. 2013) likely also
contributes to an increase in overhanging stream vegetation and provides refugia for native fish from
predatory fish and avian predators (Owen et al. 1981, Pflieger 1997, Fischer and Paukert 2008).
One of the largest remnant populations of regal fritillary butterflies inhabits the North Unit. The regal
fritillary is endemic and non-migratory butterfly and is listed as a Tier-1 species of concern in Nebraska
(NGPC 2018). A considerable amount of management has revolved around improving their habitat and
promoting their dispersal to other portions of suitable habitat, including tree removal. This species is
likely to respond well to the intermediate effects of bison grazing, however prescribed fires in the spring
and fall can be detrimental to their larvae (Swengel and Swengel 2007). Throughout the North Unit,
careful consideration needs to be made when implementing prescribed fire. It is recommended that no
more than 20% of their suitable habitat range be burned in any given year (Caven et al. 2017).
The western portion of the North Unit contains a rare shrubland ecosystem type that needs to be
considered in a separate management context than shrub encroachment. This area contains
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components of a silver buffaloberry (Shepherdia argentea) shrubland. Silver buffaloberry shrublands are
a declining community in Nebraska (Rolfsmeier and Steinauer 2010). The non-aggressive nature of
buffaloberry compared to smooth sumac or rough dogwood, along with a limited distribution and
benefits to a wildlife, have resulted in a unanimous decision by the NRT to protect these shrubs from
other woody encroachment practices like spraying, mowing, or shredding. Low-intensity prescribed fires
in the areas buffaloberry within the bison range should help protect them from mortality by fire.
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Table 2: An explanation of bison ranges as it relates to the preferred vegetative structure of priority species within the bison units.

Range

Total
Acres

Monitoring Plots

Priority Species

Occupancy

North
Unit

520

R1,R2,R3,R4,R5,
SB1,SB2,SB3,
CP1,CPW4

Grasshopper
Sparrow
Savannah Sparrow
Loggerhead Shrike
Regal Fritillary
Plains Harvest
Mouse
Smooth Greensnake
Plains Topminnow
Whooping Crane
Sandhill Crane
Bobolink
Sedge Wren
Vesper Sparrow
Meadow Jumping
Mouse
Boreal Chorus Frog
Plains Topminnow
Whooping Crane
Sandhill Crane
Bobolink
Sedge Wren

Breeding
Migrant
Breeding
Resident
Resident
Resident
Resident
Resident
Resident
Migrant
Migrant
Breeding
Migrant
Breeding
Resident
Resident
Resident
Resident
Migrant
Migrant
Breeding
Migrant

Plus CP Slough
Monitoring

South
Unit

535

NM1,NM2,NM3,O
P1,
OP2,PD1,PD2,
M1,BS1
Plus BS Slough
Monitoring

East Unit

230

N1,HM1,EP2

Preferred
Vegetation
Structure
Intermediate
Short
Short
Intermediate-Tall
Short
Intermediate
Tall
Intermediate
Tall
Intermediate-Short
Intermediate-Short
Tall
Tall
Intermediate
Intermediate-Tall
Intermediate-Tall
Tall
Tall
Intermediate-Short
Intermediate-Short
Tall
Tall

Management Goals

Provide a mosaic of habitat structure
Reduce woody species expansion
- (except buffaloberry)
Reduce cool season grass cover
Recreate self-sustaining savannas in areas of
tree clearing
Prevent overgrazing on ridges

Provide a mosaic of habitat structure
Provide open surface water and meadows
Reduce cool season grass cover
Increase native floral diversity
Prevent overgrazing on ridges

Provide open surface water and meadows
Reduce cool season grass cover
Increase native floral diversity
Prevent overgrazing on ridges
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2.6 Habitat Management Priorities and Recommendations
Promote Habitat Heterogeneity and Bison Movement
As an organization dedicated to providing habitat for cranes and other migratory birds, it is understood
that a greater biodiversity of species can be supported through offering of habitat heterogeneity,
particularly regarding habitat structure, on the landscape. Some grassland species (i.e., Upland
Sandpipers) prefer short vegetation, created through disturbance like fire, haying, or heavy grazing,
while others (i.e., Henslow’s Sparrow) prefer taller vegetation structure that can only be offered by
deferring grazing and allowing a prairie to rest (Kantrud 1981, Powell 2006). Grasslands are most
functional when providing habitat with species richness within localized plant communities (α-diversity)
as well as large compositional differences between areas (β-diversity) (Hautier et al. 2018). The
combined effects of grazing management and different grazing behaviors between bison and cattle
results in different habitat structure types on the landscape. Monitoring the vegetative response to
bison reintroduction allows the CT NRT to study differences in how bison and cattle are managed for
grazing, particularly the capability of bison to graze year-round through rotation and a suppressed
metabolism in the winter. At the CT cattle paddocks are typically grazed for the duration of the growing
season (mid-April through mid-October) and are pulled off during the winter months (November – midApril) and paddocks rotationally rested from year to year. These cattle grazing regimes are typical
practices used by conservation organizations along the Platte River (Helzer 2009) and minimizes the
potential cattle interacting with crane roosting along the river or foraging in the meadows (though this is
likely an understudied area).
Seasonal cattle grazing, as it is currently applied at the CT (short-duration, high stocking density),
typically results in whole paddocks short vegetative structure) or tall vegetative structure (rested) and
may not provide intermediate levels of disturbance and lack a patchiness on the landscape. While these
extreme conditions may favor some species, they tend to have a homogenizing effect on grassland
systems. According to the “intermediate disturbance hypothesis” (Petraitis et al 1989), vegetation
diversity is generally enhanced under moderate grazing pressure. Powell (2006) suggests that
intermediate grazing pressure supports a patchy landscape and is capable of supporting a greater
diversity of grassland birds (Boyce et al. 2021). Year-round bison grazing, as it is currently applied
(variable rotation at a lower stocking density), should favor vegetative diversity on smaller (α-diversity)
and larger (β-diversity) scales, while providing patchiness on the landscape for a wider suite of wildlife
(Wallis DeVries et al. 1999, Tonn et al. 2019, Boyce et al. 2021). Both of these diversity scales are
important for avian and other grassland wildlife biodiversity. The CT’s habitat management strategy
within the bison range should focus largely on creating a mosaic of structural heterogeneity within their
grasslands and wet meadow systems. For example, bison grazing preferences have typically led to
patchy mosaics within their range (CT grazing assessment data, unpublished). In the summer, bison
seem to have a stronger preference for grazing upland vegetation (typically in the form of sandy ridges
in our low-lying system) throughout the property as bison select to graze shorter vegetation with new
growth and as loafing areas for sunning and wallowing (CT, unpublished grazing assessment data, Caven
et al. 2019). Examination of the wallows created on these ridges indicate that the proportion of native
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and invasive species coverage was the roughly the same both inside and outside of the wallows and that
some native species were locally more abundant within wallows (Caven et al. 2019).
The forage and stocking calculations for bison have been based on the intermediate disturbance
hypothesis and the tenets of “take half, leave half” to help prevent risk of overgrazing, particularly in
years of drought. Grazing strategy for the CT bison should largely revolve around allowing the bison to
naturally create patchy habitat heterogeneity by encouraging their movement throughout their range
and allowing them to freely select preferred grazing areas (Kohl et al. 2013), when it does directly
interfere with other management goals (i.e., control of woody encroachment and invasive species). The
end grazing goal for the CT should be that bison are able to freely select and move throughout large
portions of their range and create a mosaic of habitat structure (Kohl et al. 2013). The CT can encourage
bison movements through the use of mowing or fire, which removes standing biomass and stimulates
new plant growth, and use a patch-burn, patch-hay graze system. However, this reality is likely far off
because of habitat needs based current vegetative conditions throughout the bison range. There are
current vegetative barriers (below) that need to be addressed before the CT can feasibly allow bison to
freely move throughout their current range and effectively apply patch-burn/patch-hay grazing as a
management tool. In order to implement a framework of prescribed fire at normal return intervals to
effectively employ patch-burn grazing, a significant amount of management is required to reduce woody
species coverage and control invasive species (below). Special management considerations need to be
made to help support species of management concern that may not always work with our long-term
goals for bison.

Reduce Woody Encroachment
Since the property came under CT ownership, much work has been done throughout this range to
reduce the expansion of eastern red cedar trees, which can quickly establish in grasslands and transition
them into shrubland or woodland communities. The bulk of the work has been through mechanical
removal of well-established trees and the use of prescribed fire as a maintenance measure to kill and
prevent the establishment of younger cedar trees. However, as much as 10% (~50 acres) of the North
Unit is threatened by extensive woody plant encroachment of species other than cedar trees (estimated
from Google Earth). Rough-leafed dogwood and smooth sumac have established heavy dominance in
these areas and may have crossed thresholds such that even frequent prescribed fire return intervals
alone may not be able to reduce their cover enough to return these areas to functional grasslands. The
more upland portions of the bison range are particularly prone to encroachment of several woody
species. The most commonly encountered woody species in this range are native species like eastern
red cedar, rough-leafed dogwoods, and smooth sumac (Rhus glabra), while the non-native species
Siberian elm (Ulmus pumila) has become increasing more abundant over the last 40 years (CT
Unpublished Data, Caven and Wiese In Review). Bison tend to avoid grazing in areas of heavy woody
coverage (Allred et al. 2011). Our goals are to stimulate bison movements through periodic removal of
vegetation and creation of favorable habitat conditions for them and grassland obligate species of
concern.
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Some woody species likely always existed to some extent in mesic tallgrass prairies and other
grasslands, however their extent was likely kept in balance and in check by several environmental
factors in combination (e.g., fire, drought, grazing, browsing) (Ratajczak et al. 2011). However, fire
suppression and late return intervals likely lead to the establishment deep and robust colonial root
systems that are difficult to kill (Ratajczak et al. 2011). Smaller less developed woody species are forced
to compete for resources with the shallower root systems of grasses and other herbaceous vegetation
and therefore have a low survival rate (Wilson 1993, Higgins et al. 2000). They are also more susceptible
to mortality by fire as the flame can reach a greater proportion of the woody species as it is in the lower
fuel canopy (Higgins et al. 2000, Bond 2008). The year-to-year expansion woody species coverage,
particularly colonial species, is largely the result of stems arising from already established colonial
systems, rather than the recruitment of new individual plants from seed (Ratajczak et al. 2011). These
factors, in combination with reduced fuel loads, result in a positive feedback loups that perpetuate
woody encroachment (Ratajczak et al. 2011) and have other confounding factors that reduce grassland
species diversity. For example, as woody species encroach and begin to canopy native tallgrass prairie
vegetation light availability is reduced leading to a decrease in species richness and shifts the
compositional herbaceous cover from warm season to favor cool season grasses (Gehring and Bragg
1992, Fuhlendorf et al. 1997, Limb et al. 2010).
While prescribed fire may be a more cost-effective method than mechanical treatments, it may not be
enough to transition the regime community back to mesic tallgrass prairie. Low fire return intervals
result in the establishment of woody species and return intervals <3 years have been shown to lead to a
transition from grassland to a shrubland (Ratajczak et al. 2014, 2016). Some have suggested that a more
frequent fire return interval is needed to reduce woody species cover (Bragg and Hubert 1976, Hartnett
and Fay 1998), but increased burn frequencies, such as annual burning, dramatically reduces species
richness (Briggs et al. 2002). Grazing, especially at high stocking rates, can increase woody plant
expansion by reducing potential fuel loads and reducing fire intensity (Briggs et al. 2002). As various
thresholds are crossed, more dramatic management needed beyond fire and grazing (Ratajczack et al.
2016, Nippert et al. 2021).
Dense stands of sumac and dogwood rarely provide enough fuel to successfully carry a prescribed fire,
and when it can, the fire tends to only kill the mature stems, while the plants are quick to resprout from
the ground. Tunnel et al. (2006) demonstrated that infrequent/occasional prescribed fire may actually
increase the stem density of smooth sumac; therefore, infrequent prescribed fire is likely not an
effective management tool for controlling developed sumac. Ratajczack et al. (2016) also suggest that
developed dogwoods may increase stem density as a result of fire. Tunnel et al (2006) suggest that
herbicide treatments may be a more effective management practice to reduce the shrubs cover. Waller
(1982) found that cutting or mowing of dense stands of sumac and spot spraying or wicking freshly cut
stumps with glyphosate in June and again in August to be an effective treatment. Fears (1980) suggested
that using foliar spray of triclopyr in late June to control of colonial like sumac. Repeated treatments of
mowing and spraying are needed in successional years to effectively reduce colonial shrub density (Kline
1982). Control of dense stands of colonial shrubs should be evaluated on a case-by-case basis, and
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extreme caution should be used when considering any chemical spray application, as they can also kill
non-target species.

Control Cool-Season Grasses and Invasive Species
Exotic cool season grasses and invasive species threaten native biodiversity of grasslands. The CT has
used early season grazing to reduce cool season grass cover and promote the growth of native warm
season grasses. They have also experimented with patch-burn and patch-hay grazing to promote early
season grazing on invasive cool season grasses. The CT uses targeted spraying in areas with invasive
species like musk thistle (Carduus nutans) and common reed (Phragmites australis). As much as 20%
(~100 acres) of the South Unit has extensive invasion of tall fescue and meadow foxtail (Alopecuris
arundinacea), which was intentionally planted as a forage grass and for hay production prior to being
under the CT’s protection (CT Unpublished Data, A. Caven pers. comm.). The NRT has also expressed
some concern over the native, yet invasive, reed canary grass monocultures in low lying areas.
Throughout the North Unit, various areas are under threat of invasion by smooth brome (Bromus
inermis) and Kentucky bluegrass (Poa pratensis).
Many of the invasive graminoids on the bison range are rhizomatous plants, that primarily reproduce
and spread via underground roots and shoots rather than seed dispersal and germination (Kaul et al.
2012). Cool season exotic grasses are able to grow in colder temperatures than many of our dominant
native grasses and their vigorous early growth develop canopies that outcompete native plants from
germinating and other resources (Rosburg 2001). Cool season grasses also limit the restoration of the
historic interactions of fire and grazing by adding a high-moisture fuel type restricting the spread of fire
(McGranahan et al. 2012). Several tactics have been used by range managers to reduce the cover of
non-native graminoids to varying success, however a combination of each of these tactics is likely
needed to effectively reduce exotic graminoid cover in the long-term (Rosburg 2001, Salesman and
Thomsen 2011).
Targeted spring and fall treatments based on plant phenology have been shown to be the most
successful at setting back cool season grasses (Dekeyser et al. 2013). For example, grazing is usually
done under high-intensity and short duration regimes, however this practice is not conducive to bison
management objectives. In wet grasslands, early season intensive grazing can have negative impacts and
proliferate the spread of invasive and weedy plant species (Oftinowski and Coffey 2022). Bison may
preferentially graze on exotic cool-season grasses when they are in a younger and more palatable
vegetative state and their capability to graze throughout the dormant season may provide an advantage
against cool-season grasses that is not offered by cattle (Steuter and Hidinger 1999). Bison can be
further targeted to graze on cool-season grasses that are defoliated by fire or haying, where they focus
their grazing on the new growth of the invasive species (Briggler et al. 2017). Early and late season
prescribed fire also has shown to reduce exotic cool season grass cover (Patton et al. 2015). Haying on
regular cycles for market production tends to promote cool season grasses (Neuhaus 2015), and if it is
used in conjunction with bison grazing, it should be targeted in way that reduces exotic plant seed
production and stresses established exotic species spread, while promoting bison forage availability. The
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greatest benefits to native species cover are likely to result from the interaction of fire and bison grazing
(Hartnett et al. 1996, Fuhlendorf et al. 2008, Patton et al. 2015, Sedivec et a. 2020).
Though prescribed fire and grazing, which are economical options for promoting native vegetation
cover, they are likely not effective enough on their own to counter the production of invasive species
(McGranahan et al. 2012). For example, tall fescue creates monocultural fuel beds that limit the spread
of prescribed fire, resting these areas or excluding them from grazing may be required to accumulate
the higher fuel loads needed to execute an effective burn (McGranahan et al. 2012). Herbicide
treatments generally show the greatest promise for reduce invasive cool-season grass cover. Herbicide
treatments of clethodim, imazapyr, or glyphosate applied in the fall or spring when native species are
dormant may reduce invasive cool-season grass cover. For example, clethodim treatments in mid-April
have been effectively used to reduce tall fescue cover while increasing native graminoid cover and forb
abundance few negative effects on nontarget native grasses and should be considered (Ruffner and
Barnes 2017). Likewise, spring and fall applications of imazapyr have been effective on Kentucky
bluegrass and smooth brome. A late-fall or early-winter spraying after native plants have gone dominant
is preferred when spraying cool-season grasses, especially in areas where sedge communities are largely
intact (McManamen 2017). Herbicide treatments will generally require the removal of standing
vegetation (e.g., fire, mowing) and a period of regrowth time of cool-season grasses before application
to be effective (Bahm et al. 2011).
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Chapter 3: Genetic Management
Goal 2: Support the genetic recovery of bison in North America and provide a model genetic diversity
management.

3.1 Objectives
•
•
•
•
•
•
•

Maintain the genetic variation of the Crane Trust bison herd while keeping the herd at the
recommended stocking density for habitat management.
Monitor and record genetic variation in our bison herd.
Increase the genetic variation of the Crane Trust bison by incorporating new bison (≤ 2 years
old) from conservation herds with different genetic ancestry.
Protect the genetic integrity of the Crane Trust bison herd, keeping the herd free of
mitochondrial DNA and limit the spread of cattle introgression in nuclear DNA.
Cull bison through scientifically sound practices to keep the heard at carry capacity that
maintain genetic variation and mimic predation.
Maintain a sex ratio and age structure that is focused around providing unique breeding
opportunities, natural selection, and competition.
Limit artificial selection and human intervention that may affect selection.

3.2 Background
Bison Genetic Bottleneck and History
The rapid decline of bison across their range drastically decreased the genetic diversity of the species.
Fewer than 1,000 bison were spared slaughter, but they were left in small isolated populations (Soper
1941, Coder 1975). The last “wild” (non-captive), and largest, bison population that remained was the
Yellowstone National Park (Meagher 1973). This led to what is referred to as a genetic bottleneck, or a
dramatic reduction in population size that limits genetic diversity because only a small portion of a
population survives to pass genetic material. Wildlife advocates, including William Hornaday and the
New York Zoological Park, formed the American Bison Society in 1905. The genetic foundation of today’s
bison originates from less than 100 bison from the five private herds of cattleman like Charles
Goodnight and Frederick Dupree (Coder 1975, Hedrick 2009). The society successfully lobbied for the
protection of the these privately held bison moved them to the first bison preserves (founder
populations) in places like Yellowstone National Park, Wind Cave National Park, Wichita Mountains
Wildlife Reserve, and the National Bison Range (Coder 1975, Halbert 2003). Recommendations for bison
genetic conservation management includes reducing cattle ancestry, avoiding inbreeding depression,
maintaining genetic variation, limiting domestication, and reducing anthropic selection (Freese et al.
2007, Hedrick 2009).
Alleles are one of two or more alternative forms of a gene that arise by mutation and are found at the
same place on a chromosome. The more alternative forms of a gene, the higher the allelic diversity, a
measure of genetic diversity based on the average number of alleles per locus presented in a population
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(Caballero and Garcia-Dorado 2013). A locus (loci, plural) is a specific location of a gene on a
chromosome. Genetic markers are known loci locations on a chromosome. These genetic markers can
be examined with repetitive non-coding sequences of DNA known as microsatellites (e.g., Halbert and
Derr 2007). Microsatellites sequences are not conserved genes, meaning they have a high degree of
mutation and ideal for examining genetic diversity (Li et al. 2002). They can provide a measure of
relatedness, kinship, and parentage between individuals and populations and can be used to test for
hybridization and to identify founder lineages (Cunningham et al. 2001). Less than 10% (8.1%) of bison
herd managers use genetics to select new breeding bison to introduce to their herds (USDA 2014).
Others use random selection, size/structure, or behavior/manageability (Boyd 2003, USDA 2014).
Selection by size/structure and by behavior/manageability uses primary anthropic selection, which can
have negative consequences to the wild nature of bison (Schneider 1998, USDA 2014). However, genetic
analysis is essential to their long-term success and recovery (Boyd 2003, Hartway et al. 2020).
Conservation success can be can be analyzed in several ways. One common way is to measure
heterozygosity. In population genetics and our context, heterozygosity refers to the degree to which
alleles at the same chromosomic loci are dissimilar. Greater levels of heterozygosity are associated with
increased fitness and less inbreeding depression. Heterozygosity of 0.500 (Hz-0.500) indicates greater
levels of genetic similarity a higher risk of inbreeding (Hartway et al. 2020). Within conservation herds,
heterozygosity (Hz) ranges between 0.55 and 0.64 Hz (Texas A&M (TAM) data) or 0.53 and 0.66 Hz
(University of California-Davis (UCD) data) depending on the data source. Genetic diversity can also be
measured through allelic diversity, or the number of different types of allelic types per locus tested
within a population. Average allelic diversity for conservation herds ranges between 3.6 and 4.9
alleles/locus (TAM data) or 3.2 and 5.5 alleles/locus (UCD data). Both heterozygosity and allelic diversity
are threatened by small population sizes, however they can be increased through immigration of new
breeding animals into a population (Frankham 2003). Allelic diversity may be a better indicator of longterm adaptation capacity (resiliency) than measures of gene frequency or heterozygosity (Greenbaum et
al 2014). Population genetic management decisions based solely on preserving or increasing
heterozygosity are at risk of losing allelic richness and diversity, which is a better indicator of long-term
adaptation capacity (resilience) of a species (Caballero and Garcia-Dorado 2013, Greenbaum et al.
2014). Variation throughout the genome, rather than the maintenance of one specific or rare allele,
allows for more evolutionary flexibility (Boyd 2003; Hartway et al. 2020).

Consequences of Inbreeding, Genetic Diversity Loss, and Hybridization
Most bison conservation herds are small isolated populations, subjecting them to a higher risk for
“inbreeding depression”, genetic drift, the loss of adaptive capacity (resilience) (Keller and Waller 2002).
This results in increased frequencies of deleterious (harmful or damaging) genotypes and can negatively
affect the survival, health, birth weight, reproduction and resistance to diseases and environmental
stress in species (Lynch et al. 1995, Keller and Waller 2002), including bison (Skotarczak et al. 2020). The
potential negative health and reproductive impacts of harmful mutations in a population as a result of
inbreeding, compared to a population that does not experience inbreeding, is referred to as “genetic
load” (Crow 1970). Domestication has led to inbreeding and a higher genetic load (Kono et al. 2016, Lu
et al. 2006). Wild populations experience more “gene purification” in which deleterious genes, which
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are usually recessive, are removed from a population through natural selection and gene flow between
populations (Chen et al. 2017).
Dratch and Gogan (2010) estimated that a stable founder population of 1,000 bison would is needed to
sufficiently sustain genetic diversity without immigration of new genetic material into the herd. Most
federal herds are large enough (n>400) to maintain genetic diversity through translocation of 2 or 3
bison (~50:50 male to female sex ratio) between herds every 5 to 10 years with a metapopulation
approach (Hartway et al. 2020). Small, isolated bison populations are vulnerable to extinction from
random catastrophic and require more frequent translocations to maintain genetic heterogeneity
events (Hartway et al. 2020). Recognizing these risks, the DOI has adopted a metapopulation strategy to
allow gene flow between their 16 bison herds.
Many of the of the founder bison herds were experimentally bred with cattle (Boyd 1914). There is
generally detectable of nuclear cattle DNA present in most bison herds (Halbert and Derr 2008). Halbert
and Derr (2007) estimated as few as 15-25,000 genetically pure bison. New advances in genomic
techniques may reveal there are no bison completely free of cattle introgression (Halbert and Derr 2008,
Zhang et al. 2011). Nevertheless, the CT NRT should try to limit the level of known introgression to no
more than one cattle nuclear marker, an improvement on the North American Bison Registry standards
of three markers set forth by the National Bison Association (https://bisoncentral.com/bison-registry/).
Hybridization generally has negative consequences for mammals (Adavoudi and Pilot 2022). Cattle
introgression can threaten the attributes and wild nature of bison, including offspring viability and
specific adaptations to survive in extreme climates (Munoz-Fuentes 2010, Randi 2011). In some cases,
sterility and mortality of fetuses has also occurred within bison-cattle hybrids (Steklenev 1997).
Decreasing hybrid introgression can increases fertility in bison (Steklenev 1997).
Evidence suggests that high levels of genetic variation still exist between bison populations, providing an
opportunity to once again diversify their genetics through carefully planned management (Halbert and
Derr 2008). However, bison genetic integrity has been further undermined by decades of hybridization
with domestic cattle, as represented in both nuclear and mitochondrial DNA (Ward et al. 1999, Halbert
et al. 2005, Halbert and Derr 2007). Mitochondrial DNA is passed on from mother to offspring, and
mitochondrial DNA introgression is rarer and better understood than nuclear DNA introgression in bison
(Halbert and Derr 2007). There is conflicting evidence on the extent of nuclear introgression of cattle
genes in the bison genome. Some evidence proposes that cattle introgression may be quite high and
that the Yellowstone bison population may be the only “genetically pure” bison population (Halbert and
Derr 2007, Dratch and Gogan 2010). Despite a high frequency of nuclear cattle introgression in
production herds, low levels of introgression are detected in many of conservation herds (Dratch and
Gogan 2010). For this reason, conservation and herd managers within the DOI are more concerned with
managing genetic diversity than they are with cattle introgression (Dratch and Gogan 2010, Hartway et
al. 2020). However, it is important not to increase the level of cattle introgression in conservation herds
(Dratch and Gogan 2010, Gates et al. 2010, Halbert and Derr 2007, Hedrick 2009).
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3.3 Genetic Strategy and Progress
Genetic Monitoring
Since their reintroduction, the CT bison herd has been tracked for genetic diversity, introgression, and
pedigree by microsatellite analysis from TAM (2015-2016) and UCD (2017-2021) (Appendix 2). Both of
these laboratories have different founder herd data and there are discrepancies between their data.
Both TAM and UCD use the same 14 microsatellite markers to test for hybridization and cattle
introgression. They both use unlinked polymorphic (containing more than one allele) nuclear
microsatellite data (different from the markers used for hybridization testing) to determine genetic
diversity and lineage from genomic contributions from founder conservation bison herds.
Due to differences in available founder herd genomics, and the different number and loci locations of
nuclear microsatellites used in their analysis (TAM – 26 markers (Halbert and Derr 2008), UCD – 54
markers (Halbert 2003)), these laboratories can yield different results for genetic lineages between DNA
samples of the same bison. For example, four of the current CT bison have been tested by both
laboratories demonstrating different genetic contributions from founder herds (Table 3). Both
laboratories indicated that genetic lineage contributions (<10%) are not considered significant, and
therefore not reported in either laboratory’s analysis. Some of this difference can likely be accounted for
by the fact TAM has genetic material to directly compare bison composition to the to the 8 federal core
herds, including the Yellowstone herd, whereas the UCD compares bison composition to 12
conservation herds, not including Yellowstone, but with the additions of Neal Smith National Wildlife
Refuge, Rocky Mountain Arsenal, National Elk Range, and Tallgrass Prairie Reserve. Another possible
reason for the discrepancies is that some genetic mixing between herds has already taken place prior to
sampling the founder herds. For example, six bison from Yellowstone National Park were introduced to
Wind Cave in 1916 and may demonstrate significant overlap in their genetic contributions (Wind Cave
Bison Management Plan 2006). Likewise, there is expected genetic overlap between some of the federal
herds and the Rocky Mountain Arsenal bison, as bison from the they have a genetic lineage mostly from
the National Bison Range, but also Wind Caves and Wichita Mountains (USFWS 2016). Despite these
discrepancies in lineage data, the NRT feels that this is sufficient data to make initial genetic
reintroduction decisions. Due to complications in communication and loss of contact with TAM, the CT
bison will be tested exclusively by UCD in the future. The CT NRT also noted an interest in resampling
bison that have only been tested by TAM for analysis by the UCD to keep the data consistent for more
sound management decisions (Chapter 3).
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Table 3: Comparative genetic contribution results demonstrating discrepancies of genetic contribution results between TAM
and UCD.
Tag#

Genetics Testing Lab
Genetic Contributions
Badlands NP
Fort Niobrara
National
NWR Bison
Teddy
Range
Roosevel
TeddyNP
Roosevelt
- North
Wind Cave
NP - South
Wichita
NP
Mountains
Yellowstone
NWR
Tallgrass
NP
Prairie
Book Cliffs RM
NMArsenalNeal Smith National
NWM Elk Refuge
85 Texas A&M
UC Davis
90 Texas A&M
UC Davis
26 Texas A&M
UC Davis
48 Texas A&M
UC Davis

25%
15%

26%

15%

24%
27%
25%

14%

24%
43%
20%
50%
25%
19%
21%
27%

28%

12%

20%

12%

20%

14%

18%

18%

33%
23%

11%
16%

39%

Current Genetic Status
Our current genetic lineage dataset compiles microsatellite analysis from both laboratories. Current
lineage data suggests our current bison herd has genetic lineage contributions representing 13 of 14
tested founder herds (Table 3). To provide some clarity to the laboratory testing discrepancies and
significant genetic lineage overlaps (explained above) between Yellowstone-Wind Cave and National
Bison Range-Rocky Mountain Arsenal herds, their genetic lineage contributions were pooled to estimate
the genomic contributions of CT herd (Figure 9). Summaries of genomic contributions of just the male
and female bison “breeding stock” were also compiled to assess underrepresented lineages or were new
genetics could be introduced from (Figures 10 & 11).

ALL CT BISON (N=114)
Badlands NP, 0%
Fort Niobrara NWR, 3%
Unknown, 21%

National Bison Range +
RMA, 32%

Neal Smith NWM, 1%
Book Cliffs NM, 2%
National Elk Refuge, 0%
Tallgrass Prairie, 10%

Wichita Mountains NWR,
8%
Yellowstone + Wind Cave
NP, 10%

Teddy Roosevelt - North,
10%
Teddy Roosevelt - South,
4%

Figure 9: Founder herd genomic contributions of all Crane Trust bison as of January 1, 2022.
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CT BREEDING HEIFERS/COWS (N=57)
Unknown
18%

Badlands NP Fort Niobrara NWR
0%
5%
National Bison Range +
RMA
21%

National Elk Refuge
0%
Neal Smith NWM
1%
Book Cliffs NM
3%
Tallgrass Prairie
8%

Teddy Roosevel NP North *
13%
Teddy Roosevelt NP South
Yellowstone + Wind Cave 1%

Wichita Mountains NWR
13%

NP
17%

Figure 10: Founder herd genomic contributions of all Crane Trust bison cows (breeding age females) as of January 1, 2022.

CT BREEDING BULLS (N=13)
Unknown
18%

Badlands NP Fort Niobrara NWR
2%
0%

Tallgrass Prairie
0%
Wichita Mountains NWR
3%

Yellowstone + Wind Cave
NP
10%

National Bison Range +
RMA
26%

Neal Smith NWM
0%
National Elk Refuge
0%

Teddy Roosevelt NP South
Book Cliffs NM
14%
0%

Teddy Roosevel NP North
27%

Figure 11: Founder herd genomic contributions of all Crane Trust bison bulls (breeding age males) as of January 1, 2022.

Of the founder lineages tested for the current CT bison herd (n=114), National Bison Range-Rocky
Mountain Arsenal, Tallgrass Prairie Reserve, Yellowstone-Wind Cave, and Teddy Roosevelt National
Bison Range, and Teddy Roosevelt North appear to be well represented (Figure 9). Within breeding
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stock bison heifers and cows (females >2 years old), National Bison Range-Rocky Mountain Arsenal,
Teddy Roosevelt North, Wichita Mountains, and Yellowstone-Wind Cave are well represented (Figure
10). For breeding stock bulls (>3 years old), National Bison Range-Rocky Mountain Arsenal, Teddy
Roosevelt North, Teddy Roosevelt South, and Yellowstone-Wind Cave are the most well represented
(Figure 11).
Using their current genetic management strategy, the CT has gradually increased genetic diversity
(heterozygosity) of their bison herd over time. The heterozygosity baseline of CT’s original bison herd
(circa 2015) was 0.616 Hz. Between 2015 and 2019, heterozygosity of the bison herd averaged 0.655 Hz.
Between 2018-2020, the heterozygosity of the bison herd was between 0.682 and 0.690 Hz (mean =
0.686 Hz) (Caven and Mahlzahn 2021), while heterozygosity in 2021 was 0.680 Hz (ungraphed). These
results indicate that heterozygosity increases were greatest in the first two years (2016-2017), and that
the upward trend of heterozygosity growth may be slowing (Caven and Mahlzahn 2021). This is likely
due, in part, to a high sire rate and breeding success of a few dominant bulls in successive years (King et
al. 2019, Sherman et al. 2004) (example: A10 sire records 2018-2020, Caven and Mahlzahn 2021).
Regardless of the current slowing trend, the CT bison herd exhibits moderately high levels of genetic
diversity (mean = 0.653 Hz, range = 0.616-0.690 Hz (Caven and Malzahn 2021) when compared to
conservation herds (mean = 0.595 Hz, range = 0.53-0.66 Hz) (TAM, UCD). The bison have exhibited a
similar trend in allelic diversity between 2015-2021. The baseline for average number of alleles of the
herd in 2015 was 4.73. Most prominent increases in allelic diversity occurred between 2015 and 2018,
where the average number of alleles within the herd reached a high of 5.35 in 2018. Between 2019 and
2021, the average number of alleles ranged from 5.1 to 5.25 (mean = 5.18), which also indicates a
slowing trend, or stabilization, in the average alleles within the bison herd. Despite the present allelic
plateau, the CT bison herd also exhibits a moderately high level of allelic diversity when compared to
bison in conservation herds (average # of alleles) (mean = 4.25, range = 3.2-5.5, TAM, UCD) (Figure 12).
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Figure 12: Average number of alleles in the CT bison herd (blue line) from 2015-2021 compared to reported low and high levels
(black lines) of allelic diversity within conservation herds (TAM data, UCD data) (Black Lines).
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3.4 Genetic Recommendations
Introduce New Genetic Lineages
The current recommended carrying capacity (Chapter 2) of 115 AU of bison is not sufficient to maintain
genetic diversity for the long-term (Dratch and Gogan 2010, Hartway et al. 2021). Immigration of new
genetic material can be used to continue to increase genetic and allelic diversity (Frankham 2003, Giglio
et al. 2016), therefore it is recommended that a minimum of 1-2 bull bison from underrepresented
genetic lineages be introduced into the herd every 2 years. Bison genetic testing should be done or
available prior to purchase or release into population. The CT has generally adopted the same
metapopulation strategy and pedigree-based approach proposed for the federal conservation herds by
the DOI (Hartway et al. 2020). Genetically least-related scenario of introduction translocation yields the
highest genetic diversity, both in terms of heterozygosity and allelic diversity (Hartway et al. 2020). The
goal is to introduce male bison with genetic lineages dissimilar or underrepresented by the genetic
contributions in the current herd (largely considering breeding age females (cows)). The bison should be
introduced at a non-competitive age (<2 years old) to allow for natural introgression into the bison
social structure and minimize stressful instances that may promote bison escape.
The genomic contributions data demonstrates that there are significant opportunities for introductions
of bison from genetically unrepresented founder herds. The CT can use this pedigree information to
support genetic management decisions in their isolated population and estimate their risk of inbreeding
(Keller and Waller 2002, Giglio et al. 2018). The CT NRT has suggested that a threshold of <15% founder
herd contribution should be considered when purchasing and sourcing new bison to add to our herd
(Caven and Malzahn 2021). For example, the CT bison are currently comprised 21% of bison cow’s and
26% bison bull’s genetic contributions from the National Bison Range-Rocky Mountain Arsenal, above
the 15% threshold, indicating that bison should not be introduced from either of those locations at this
time. Genetic contributions from Fort Niobrara are underrepresented in both cows (5%) and bulls (2%)
only 5% (cows) and 2% (bulls) and would be a candidate source herd for new bull introductions to
diversify calf genetics. Badlands and National Elk Refuge are not represented at all in our herd at this
time. It is also worth noting that even though Yellowstone-Wind Cave was represented over 15%
threshold, the CT should still consider acquiring Yellowstone bison as breeding stock through the
National Wildlife Refuge System Bison Donation Program. As the largest founder population, the
Yellowstone population is highly diverse compared to other federal herds, containing up to 75% of the
genome (Halbert et al. 2012).

Maintain Bull Competition
It is also recommended that bison bulls culled from the herd to maintain bull competition and unique
breeding opportunities. The number of offspring and breeding opportunities each bison has had needs
to be considered when making culling decisions. This is particularly important in small populations
where dominant bison bulls tend to have the most breeding opportunities and do a higher proportion of
mating in a given year (Berger and Cunningham 1994, King et al. 2019). In the absence of natural
migration and geneflow between populations, overdominance by one bull will reduce genetic diversity
over time (Berger and Cunningham 1994, Halbert et al. 2004). For example, from 2017-2021 one bison
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(A10) sired 43 of 105 calves (41%) (Caven and Malzahn 2021). This essentially means that the calf crops
in those years were all half-siblings, with more homogenous (similar) genes. This is one explanation for
the flat plateauing trendline seen in annual heterozygosity and allelic diversity. This type of parentage
analysis, corroborated by trends in genetic diversity, may indicate that a bull has made sufficient
contributions to pass on its genetic lineage, is dominating the annual calf gene pool, and should be
culled to allow other bulls breeding opportunities if the offspring of said bull are being used as
replacements (Berger and Cunningham 1994, King et al. 2019). The CT NRT can limit competition for
breeding opportunities by sequentially culling dominant bulls who have been breeding for several
consecutive years and consider their genetics well-represented through the number of offspring they
sired.

Mitigate Introgression
The CT bison have relatively low level of cattle nuclear alleles and no mitochondrial cattle DNA
(Appendix 2). Only six of the 114 bison in the current herd have a cattle nuclear allele per current
measurement techniques. Maintaining this low level of introgression will require caution and preintroduction testing of new bison brought into the herd. The NRT has decided that a low level of cattle
introgression is not of the greatest concern, and therefore will entertain keeping or purchasing bison
with no more than one nuclear cattle allele if the bison has unique genetics or a very high BGVI score
(Caven and Malzahn 2021). We can further limit the amount of introgression within the herd by selling
bison yearlings and adults that have cattle nuclear markers, however it is not recommended for the sole
basis of management and culling decisions (Halbert and Derr 2008).

Conserve Valuable Genetics
Female bison calves should be spared from culling for breeding stock and serve as “conservators” of
herd genetics. Bison herd managers can use aggregative summaries of genetic data to make culling
decisions (Boyd 2003). The NRT has developed a Bison Genetic Value Index (BGVI) model to summarize
DNA results each year to help make decisions on which bison should be retained to preserve genetic
diversity (Caven and Malzahn 2021). This model provides BGIV score between 1 and 6, a score between
4-6 indicates bison calves that should be most considered for retention in the herd (Caven and Malzahn
2021). The BGVI is a weighted composite score considering individual bison heterozygosity (Hz),
individual genetic uniqueness (underrepresented genetic contributions), and cattle introgression (as a
penalizing factor). Bison are given +1 point (pt.) for having a better than average Hz and an additional +2
pts. for better than 1 sd above the mean. Similarly, individual bison are given +1 pt. for above average
genetic uniqueness and +2 pts. for being more than 1 sd above mean genetic uniqueness. Finally, bison
are penalized -1 pt. for each cattle allele detected in evaluations of nuclear DNA (Caven and Malzahn
2021).

Distributing Genetics
The CT’s metapopulation strategy (above) has given the bison a foundation of genetically diverse
breeding stock. At the current herd structure, ~46 genetically diverse bison calves are expected to be
born each year (Appendix 1). If the CT wishes to make higher contributions to the long-term genetic
legacy of bison, culling decisions for bison should also be focused on the destination for offspring during
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annual sales of yearlings. Annual sales and distribution of culled CT bison should be focused around
conserving the long-term genetic legacy of their bison offspring. An adaptable approach should be used
to opportunistically distribute their bison where they will be breeding stock for future conservation
herds.
Most bison are raised for commercial purposes, however as many as 30,000 in at least 53 herds are
managed for ecologically valuable purposes in public and private reserves (Boyd 2003, Freese et al.
2007, Lammers et al. 2013, Rogers 2021). Rogers (2021) suggests that the practices for non-profit, state,
and provincial herds don’t deviate substantially from federals herds often considered exemplars for
conservation, and therefore a much higher percentage of bison can be said to be managed with
conservation in mind considering a slightly looser definition (Rogers 2021, Chapter 1). With this notion in
mind, the Department of the Interior (DOI) Bison Conservation Initiative (2020) explicitly states that
cooperation between all of the bison herd sectors through “shared stewardship” is critical to recovery of
the species. Most bison for commercial purposes are destined for feedlots and slaughter at general sales
(USDA 2014). Feedlot bison, and bison generally destined for slaughter without breeding opportunity,
are genetic “dead ends” or sinks (Gustafson et al. 2019) and will not pass their genes to offspring.
Yearling male bison (“steers”) are most likely to be fated for finishing (fattening) at feedlots and
slaughter, with relatively few are being sorted to be “breeding” bulls. Even fewer “breeding bulls” are
selected strictly on their genetic value, without consideration of anthropic reason (e.g., body size or
husbandry in the commercial industry) (USDA 2014). This can result in the loss of loss of genetic diversity
in male sex-linked traits (Berger and Cunningham 1994). Young female bison less likely to be used for
meat and more likely to be purchased as breeding stock in the commercial bison industry. Though these
bison produce offspring, they are at a greater risk of domestication and their genetics are unlikely to
make it back to into the gene pool of conservations herds (Boyd 2003, IUCN 2014).
To help avoid the genetic “dead ends” and maximize the CT’s capacity to contribute to the continental
recovery of bison, efforts should be made to distribute yearling bison to conservation-oriented herds
and conservation-minded herd managers (described in Chapter 1) (Rogers 2021, Boyd 2003). In an ideal
world, all culled bison would be destined for conservation herds where they could make the greatest
contributions to heterozygosity (i.e., different genetic lineages), and that those herds also be free of
mitochondrial DNA from cattle. Current financial constraints require the annual sale of bison to finance
the program (Chapter 6), however sales should opportunistically be oriented towards conservation
herds. Bison sales mostly consist of yearling bison, with a few bison sold at 2 years old on occasion. Herd
managers exist on a spectrum and several private managers have adopted conservation practices,
including genetic management. Bison sales, like the Prairie Legends Bison Auction
(www.prairielengendsbison.com), attract conservation-oriented managers and provide a venue for
bison purchases based on genetics. The CT may also host private auctions and sales, using their bison
yearlings’ genetic value and lineage as a “marketable resource” (e.g., Sanders 2007, Thompson et al.
2016) (Chapter 6). The CT could also begin looking at selling herds as “seed herds” to individuals or
organizations looking to start a conservation herd (USDA, 2014). As funding and partnership
opportunities arise (Chapter 5), the CT can begin exploring opportunities to share their culled bison and
genetics outside of an auction framework. Bison donation to tribal agencies like the Intertribal Buffalo
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Council, help reestablish bison herds on indigenous lands (www.itbcbuffalonation.org). Trading bison of
genetic interest to different metapopulations may help spread diversity while also introducing new
diversity (Hartway et al. 2020).
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Chapter 4: Health Management
Goal 3: Maintain bison wellbeing with limited human intervention and develop standard operating
procedures to monitor bison health while maintaining the safety of bison and bison handlers.

4.1 Objectives
•
•
•
•
•
•

Understand potential threats to bison health
Limit human intervention and allowing for natural selection where ever possible
Use modern practices like biosecurity and low-stress handling to maintain bison herd
Monitor health, including treatments, injuries, parasites, and causes of death
Monitor health metrics like weight and body condition
Share health findings with the scientific community

4.2 Need for Health Management
Health management and monitoring is one of the most important components for reintroduction and
recovery of a species (Berezowski et al. 2000, Leighton 2002). Health management is needed to keep a
reintroduced species alive and productive, while health monitoring is needed to assess the efficacy of
health management, assess health concerns, and identify potential threats (Ewen and Armstrong 2007).
Due to their common ancestry, size, and a larger body of research, management of bison health has
been largely derived from the veterinary knowledge base for cattle (Tessaro 1989). For example, cattlespecific vaccines have been used on bison, despite never being safely trialed in or officially approved for
bison (Berezowski et al. 2000). However, the effectiveness, necessity, safety, and ecological
consequences of using domestic livestock medicines on bison has not been fully evaluated (e.g., Dies
and Henderson 1998, Berezowski et al. 2000). There are a multitude of diseases and parasites
(collectively “diseases”) that are contractible by bison and cattle alike (see Tessaro 1989, Berezowski et
al. 2000, & Reynolds et al. 2003 for complete reviews). Not all these diseases threaten the conservation
of bison (Tessaro 1989) and some are more regionally prevalent or localized, posing a lesser risk to
geographically disjunct populations (e.g., Brucellosis - Yellowstone, (Meagher and Meyer 1994)).
Anthrax, brucellosis, bovine tuberculosis, malignant catarrhal fever, and foot and mouth disease are
“reportable” diseases threatening bovine livestock in Nebraska, and cases in bison must be reported to
the Nebraska Department of Agriculture (Nebraska Title 173, Livestock Reportable Disease Regulations,
www.nda.nebrasaka.gov).

4.3 Conservation Disease Philosophy
There is considerable debate on how much humans should intervene with the health dynamics of
reintroduced “wild” species (Harrop 2011). One side considers an animal’s “welfare” to keep individuals
alive, comfortable, and reproducing. The welfare position argues that health intervention of wildlife is
necessary or warranted because an animal’s quality of life is affected by limiting anthropic factors
(Mellor 2016). For example, bison fencing restricts movement and may prevent access to mineral
sources like salt licks (Jakle 1968). The other side considers a species’ long-term survival or “fitness”. The
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fitness position argues for the conservation of a species’ “naturalness” and “evolutionary potential”,
where human intervention favors the “less fit” and interferes with the process of natural selection and
behaviors (Hutchins and Wemmer 1986, Kirkwood and Sansbury 1996). For example, use of
anthelmintics to control internal parasites may influence diet choice, grazing behavior, increase drug
resistance, or promote domestication (Lehman et al. 2006, Gates and Aune 2010). Intervention may also
have unintended negative impacts on the environment. For example, parasite treatment with
ivermectin can destroy dung beetle populations that are important forage for migrating cranes (Lumaret
et al. 1993, Davis and Vohs 1993). Others argue that a grey area exists between managing for an
animals’ welfare and fitness and that both need to be considered in the context of species conservation
and reintroduction (Kirkwood and Sansbury 1996, Breed et al. 2009, Beausoleil et al. 2018). Therefore,
health goals for conservation should include managing and monitoring for diseases that affect
populations, while also maintain evolutionary processes of natural selection degrading the ecosystem
(Kirkwood and Sainsbury 1996, Stringer and Linklater 2014, NPS 2020). The CT NRT can achieve this goal
by understanding the epidemiology of diseases, including their cause and transmission, and bison
behavior (Berezowski et al. 2000, Stringer and Linklater 2014, Wiese et al. 2021).

4.4 Disease Cause and Transmission
Bovine diseases can be brought on by a variety of factors. Some diseases are a result of environmental
conditions. For example, cases of anthrax, hoof rot, and internal parasites are thought to be more
prevalent in areas with high soil moisture and during wet cycles (Drogan and Rennie 1995, Walker et al.
2001, PennState Extension 2016, Wiese et al. 2021). Whereas, contaminated food and water resources
and improper hygiene practices increase risks of bacterial diseases such as clostridial diseases (including
blackleg) and Johne’s disease (Berezowski et al. 2000, Mackintosh et al. 2002). Other diseases, such as
mycoplasma, bovine shipping fever, and pneumonic pasteurellosis, are often tied to poor herd
management (including over-crowding) and stress factors (Dyer and Ward 1998, Berezowski et al. 2000,
USDA 2013).
Diseases of bison may be transmitted both intra- and interspecifically. Close contact between healthy
and sick bison can lead to spread of respiratory illnesses like mycoplasma and pneumonic pasteurellosis
(Dyer and Ward 1998, USDA 2013). Introductions of new bison can lead to introductions of new diseases
into an otherwise “clean” herd (Kock et al. 2010, White et al. 2011). Disease can also be vector-borne, in
which they are contracted or spread through other living organisms. For example, pink eye, blue tongue,
lungworm, and other diseases are spread by biting insects like face flies, midges, and ticks (Berezowski
et al. 2000, Whittier et al. 2005, Beristain-Ruiz et al. 2021). Wildlife may also serve as significant sources
and reservoirs of diseases that infect bison. For example, bovine tuberculosis and brucellosis may be
passed from elk to bison, while deer may be significant sources of hoof and mouth disease (Nishi et al.
2006, USDA 2013). Some of the greatest risks to bison come from novel diseases that have been
acquired from cattle or transmitted through other wildlife (Berezowski et al. 2000). Novel diseases are
more unpredictable, harder to control, and tend to be more serious threats to wildlife populations
(Kirkwood 1996). Bison and cattle also respond differently to different diseases, where some diseases
are of a concern for bison and not cattle and vice-versa (Berezowski et al. 2000). The CT NRT has
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recognized several diseases of conservation concern in their context and geographical region (Appendix
3).

4.5 Review of Select Diseases of Concern
Anthrax
Anthrax is a soil-borne disease from the spore-forming bacteria Bacillus anthracis. Anthrax can cause
sudden death (1-3 days after first symptoms) and poses a risk to both animal and human health. In
bovids, elevated temperatures, staggering, trembling, convulsions, or bleeding can be seen 1-14 days
after exposure (Coetzer and Tustin 2004). It occurs naturally in the environment, particularly in wet
areas with alkaline soils and high nitrogen levels (Dragon and Rennie 1995). Outbreaks of the disease are
sporadic, but tend have some association with drought and rain cycles (Dragon and Rennie 1995, Smith
et al. 2000). Environmental conditions in the Great Plains and central Nebraska (around the 100th
meridian) are particularly suitable for anthrax (Blackburn 2006). In Canada and Montana, anthrax
outbreaks have caused mass mortalities in public and private herds (Nishi et al. 2002, www.tsln.com).
Antibiotics have been used with limited to no success in treatment, due in part to the short time
between the onset of symptoms and death (Dragon and Elkin 2001, Coetzer and Tustin 2004).

Brucellosis
Brucellosis, also known as Bang’s disease, is a contagious disease caused by the bacteria Brucella
abortus. Brucella causes reproductive issues including loss of young, abortions, infertility, and reduced
milk production (Rhyan et al. 2009). Outside of these reproductive issues, there are no clinical signs of
adults infected with brucellosis (Rhyan et al. 2009). Livestock and wildlife are important reservoirs for
brucellosis, spreading via direct contact between animals, reproductive organs and discharge, and from
cow to calf through the mammary glands and milk. Though Nebraska is considered a “brucellosis-free”
state (Federal Register § 78.43), cases of brucellosis infection have occurred in cattle within the state
(see Wickersham v. The State of Nebraska 194, No. 83-322), but not bison. There is a cattle vaccination
for brucellosis, which is required for bison when they are sold out of state (Nebraska Department of
Agriculture, Title 23, Chapter 2, 9 C.F.R. §78.1). Diagnostic tests can be conducted if brucellosis is
suspected, however there is no cure and infected animals are best removed from the herd before
infection spreads.

Mycoplasma
Mycoplasma (Mycoplasma bovis) is a bacterial disease that is of rising concern and occurrence in bison.
Reported mortality rates in adult bison infected with mycoplasma have been as high as 25% (Woodbury
and Windeyer 2012). Bison tend to remain alert and early detection is difficult, but the disease
eventually causes pneumonia-like symptoms, including coughing, respiratory lesions, and lack of energy
(USDA 2013). These symptoms can lead to death, aborted fetuses, and a lack of parental care in mothers
with calves (Janardhan et al. 2010, Register et al. 2013, USDA 2013). Wildlife may be important
reservoirs for mycoplasma, however close contact and shared resources with domestic cattle are the
most likely sources for infection, especially in “closed-herds” (Janardhan et al. 2010). Mycoplasma
spreads between bison through nasal discharge, coughing, or contaminated food and water, even
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among animals with no clinical signs of the disease (Woodbury and Windeyer 2012). Stress, such as new
introductions, crowding, movement between pastures, drought, and low-quality forage, may predispose
bison to mycoplasma infection (Boothby et al. 1983, USDA 2013, Bragg 2019). Mycoplasma can survive
for long periods in cool, damp environments, however little else is known about what geographical and
environmental variables may contribute to outbreaks of mycoplasma (Maunsell et al. 2011, USDA 2013).
Mycoplasma has caused mass mortality (380 female bison) in a private Nebraska ranch, owned by
Turner Enterprises, Inc. (USDA 2013). Vaccinations programs have had little to no success in bison and
cattle alike, and is not recommended for bison (Woodbury and Windeyer 2012). Mycoplasma has been
treated with cattle-antibiotics (such as Draxxin) with limited success, and it has developed resistance to
erythromycin (Maunsell et al. 2011).

Hoofrot
Pododermatitis, also known as hoofrot or footrot, can be caused by several bacteria, including Bacillus
(Fusobacterium) necrophorus & Bacteroides melaniogenicus (OSU Extension 2016). Hoof rot causes
inflammation of toes and foot region of bison and other ungulate and can lead to lameness if left
untreated or is recurrent (Van Metre 2017). Clinical signs in bison included acute swelling around the
toes, pained walking or limping, open lesions with foul odor, separation of the hoof from the toe, and
loss of appetite (OSU Extension 2016, Zanolari et al. 2021). The bacteria are naturally occurrent in the
environment and soil, especially in areas of fecal deposition and infects an animal through injuries to the
hooves and skin around the foot (Van Metre 2017). Hoofrot can be reoccurring and problematic once it
is in the soil (Hudson 1974). Lesions around the feet that lead to hoofrot tend to be more common
during periods of high temperature and humidity (Van Metre 2017). Hoofrot has been a recurrent
problem grazing cattle and bison in the Platte Valley (J. Salter pers. comm., C. Wiese pers. comm.).
Vaccines are available to help prevent hoofrot, by their efficacy is questionable and they appear to only
offer immunity for a short time (Abbott and Lewis 2005, Zanolari et al. 2021). Individuals with hoofrot
should be treated with antibiotics, like Draxxin (NC-State Extension 2015). Proper nutrient balance and
supplementation of minerals (particularly zinc and iodine) are important to bovid hoof heath and
suggested to help prevent lesions and cases of hoofrot (Maas et al. 1984, Langova et al. 2020).

Pink Eye
Pink eye, also known as infections bovine keratoconjunctivitis, is caused by infection of bacteria,
including Moraxella bovis, of areas in and around the eye (Whittier et al. 2019). Pink eye is a common
problem in cattle and bison production in the Platte River Valley (J. Salter pers. comm., C. Wiese pers.
comm.). Pink eye causes swelling of the conjunctiva, cloudiness in the cornea, excessive mucus
production around the eye, and can cause ulcerations leading to scaring and permanent blindness if left
untreated (Whittier et al. 2019). Pink eye infections generally begin with irritation of the eye area, either
by dust, cuts from vegetation, UV exposure, and biting insects (Whittier et al. 2019). Bacteria that cause
pink eye are contractible by contact with mucus secretion and are thought to be mainly transmitted
between individuals by face flies (Whittier et al. 2019, Berezowski et al. 2000). Though transmission
rates are highest in the summer, bison can still experience pink eye in the winter (Whittier et al. 2019).
Cattle vaccinations for pink eye exists and could be considered for persistent problems (Hauer 2003).
Pest reduction using cattle-approved pesticides has been suggested as a way to reduce transmission of
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pink eye by face flies, while the reduction of standing dry vegetation (fire/haying) has been suggested to
reduce initial eye irritation (Whittier et al. 2019, Hauer 2003). Proper nutrition balance and
supplementation of minerals (especially copper and selenium) are important to overall ocular health
and may help prevent pink eye (Whittier et al. 2019).

Internal Parasites
There are several internal parasites, including tapeworms, roundworms, nematodes, and others that can
infect the digestive system of bison (Knapp 1993). Parasite infection can lead to weight loss,
reproductive issues, and mortality (Wade et al. 1979, Woodbury et al. 2014). Bison calves and yearlings
(< 2 years old) have been shown to be more susceptible to higher parasite shedding, while adults may
develop resistance to parasites over time (Wiese et al. 2021). In general, parasites are shed through
bison feces as eggs/oocysts, hatch, and are ingested during grazing (Wade et al. 1979). Wildlife and
livestock can be significant reservoirs of parasites and can transmit some parasites to bison (Miller et al.
2017, Barone et al. 2020). High soil moisture and dense stocking rates are thought contribute to higher
parasite loads and transmission (Arneberg et al. 1998, Walker et al. 2001, Sohail et al. 2019, Wiese et al.
2021). Anthelmintic treatments (oral, dermal, and injectable) are available for cattle and have been used
in bison (Carter et al. 2010, Wiese et al. 2021), through several question the efficacy or need for routine
treatments (Dies and Henderson 1998, Woodbury and Lewis 2011, Pyziel et al. 2018, Wiese et al. 2021).

4.6 Health Recommendations
The CT NRT should use natural management methods to mitigate disease spread to maintain herd
health whenever possible. Here we provide a list of management strategies and recommendations
based on tenets of biosecurity, natural selection, and preserving the “wildness” of bison, while
adaptively addressing welfare issues as they threaten the long-term conservation of the CT herd.

Herd Management
•
•
•
•
•

Maintain a low stocking density to mitigate health issues and disease as a result of
overcrowding.
Maintaining clean facilities, corrals, and equipment
Provide fresh water resources
Avoid grazing wet soil areas (i.e., South range) during and immediately after periods of
flooding
Provide areas through the use of prescribed fire, haying, or clipping to prevent lesions
and infection

Biosecurity
•
•

New bison should be verifiably free of Tuberculosis and Brucellosis.
New bison should be quarantined from the herd for 14 day for observation prior to
introduction to the herd, including collecting data on initial weight, body condition, and
intestinal parasites.
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•

Direct and indirect contact with cattle should be minimized, including cleaning facilities
and equipment and allowing pastures periods of rest (> 6 months) when transitioning
between bison and cattle grazing

Minimize Stress
•
•
•
•

Use low-stress techniques when handling bison, reducing risk of injury to both bison and
their human handlers (Appendix 4)
Maintain social hierarchy
Introduce bison at a young age (<2 years old)
Cull bison after weaning

Minerals and Supplemental Feed
•
•
•

Offer salt licks with iodine
Offer multimineral with copper, selenium, and zinc, which may be regionally limited
Offer supplemental feed during prolonged periods of extreme weather (drought,
flooding, heavy snow)

Use of Vaccines, Drugs, Treatments
•
•

•

•

Cattle vaccines will not be used unless new cases or need arises
Parasites treatment will not be administered, unless parasite loads can be linked to low
calf/yearling weights and decreased body condition, or routine monitoring detects
spikes in the herd
Antibiotics will be administered via dart gun, used sparingly and evaluated on a case-bycase basis
• (e.g., Draxxin to prevent lameness from hoofrot or blindness from recurrent
pinkeye infections)
Biting pests will be managed using a pest ball gun, used sparingly and evaluated on a
case-by-case basis
• (e.g., Rising cases of pinkeye caused by persistent face flies)

4.7 Health Monitoring
Body Condition Monitoring
Once per year the CT NRT rounds up their bison for counting, tagging, culling, treatment, and sampling
(Appendix 4). The CT NRT will use this time to take hair samples for DNA analysis to confirm parentage
and birth rates. Bison caught in the squeeze shoot should be opportunistically weighed using the CT
digital scale and record a body condition score (Alberta Agricultural and Forestry 2017, Norman 2010) of
the bison upon release from the squeeze shoot (Appendix 4).

Record Keeping
A member of the CT NRT will inspection the bison herd at least twice per week throughout the year to
make note of the current health conditions and address any welfare concerns as they arise. Bison herd
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inspections will increase during calving season and expecting bison cows will be checked at least once
per day to record data on calving timing, successes, and complications. A bison logbook should be kept
for each visit, paying particular attention to note any unusual behaviors, disease symptoms, and
management actions taken (i.e., treatment with antibiotic, quarantine, euthanized).

Parasite Egg Count Monitoring
Routine monitoring of fecal egg counts (Appendix 6) will be conducted at the beginning (May) and end
(August) of the growing season, opportunistically focusing on mature bison females (n=8-16). Bison
calves (n=8) and yearlings (n=8) will be sampled during working to better understand how high fecal egg
counts in these weight classes contribute to body condition and weight (see Wiese et al. 2021).

Mineral Monitoring
Bison that are euthanized for injuries or health concerns, or that are harvested, will be opportunistically
be sampled for mineral concentrations of the liver and submitted to the University of Nebraska-Lincoln,
Veterinary Diagnostic Center. Specific minerals of interest are levels of iodine, zinc, selenium, copper,
magnesium, which may be limited in the system and have been linked to compromised bovid health
(Jakle 1968, Maas et al. 1984, Whittier et al. 2019, Langova et al. 2020).

Necropsy
When a bison unexpectedly dies, a necropsy can opportunistically be performed to evaluate the cause
of death and assess disease risk to the herd. Sick bison, euthanized for health concerns, may also be
necropsied. The CT NRT expressed that two or more unexpected deaths becomes concern of a more
serious disease (e.g., mycoplasma), prompting a mandatory necropsy. Necropsies will follow the
guidelines and procedures set out by Hunter et al. (undated) and must be performed by a veterinarian
to mitigate risks to human health (e.g., Anthrax, C. Topliff pers. comm.). Necropsy kits for bison are
available through South Dakota State University (https://www.sdstate.edu/center-excellence-bisonstudies/bison-field-necropsy-kits).
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Chapter 5: Cultural Engagement
Goal 4: Improve outreach and education efforts, contributing to the cultural significance of bison by
impressing the story of their extinction and recovery, and the need to conserve native habitats similarly
on to visitors and the community.

5.1 Objectives
•
•
•
•
•

Offer opportunities and interpretive material for people to see and learn about bison.
Maintain and develop partnerships for multimedia coverage of bison.
Attend and contribute to bison discussions on a national level, including attending meetings and
conferences.
Interact with Indigenous cultures and support the recovery of bison on their lands.
Develop contractual agreements for using Crane Trust bison images in media and data for
synthesis.

5.2 Bison and People
Conservation of grasslands and their biodiversity seldom gets the attention it deserves. However,
millions of people from around the world visit places like Yellowstone to see bison in their natural
settings (NPS 2021). Not only are bison a keystone species (Chapters 1 & 2), but they are also “umbrella”
and “flagship” species (see Heywood 1995, Meffe and Carrol 1997, and Simberloff 1998 for definitions).
As such, their conservation helps the conserve of other wildlife and stimulates conservation awareness
(Wilkins et al. 2019). With these qualifications’ bison are ideal “ambassadors” for prairie conservation,
helping people develop a sense of place and connection with grassland landscapes (MacDonald et al.
2017, Wilkins et al. 2019).
Prior to Euro-expansion, bison were a staple resource for indigenous cultures throughout the Great
Plains (Feir et al. 2021). The recovery of bison is culturally, economically, and ecologically intertwined
with identity and sovereignty of indigenous nations (Shamon et al. 2022). For this reason, organizations
like the Inter-Tribal Buffalo Council (ITBC) have worked to restore over 20,000 bison on sovereign lands
since 1990 (ITBC 2021). Today, bison are a national symbol of unity, resilience, and healthy landscapes.
There are many stakeholders in bison recovery, it has taken conjoined efforts between federal agencies,
state entities, non-profits, private industry, indigenous communities, and the interested public to return
bison to the landscape (Gates 2010, Martin et al. 2021). This diverse set of stakeholders provides
opportunities for networking to achieve the cultural recovery goals for the CT bison and help the NRT
make greater contributions to the recovery of the species (Martin et al. 2021).

5.3 Cultural Engagement Recommendations
The CT utilizes cranes as “river ambassadors” and the CT NRT see bison as their “prairie ambassador” to
spread awareness of grassland conservation. They bison will help increase visitor interest and
attendance outside of the busiest seasons. Here the CT NRT compiles a list of recommendations to
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engage the spectrum of stakeholders, developing new and current partnerships (Appendix 7), to
increase awareness of grassland biodiversity and bison conservation.

Public Platform
The CT’s Nature and Visitor Center (NVC) is the public “face” of the organization. The NVC, just off of
Interstate-80 exit at the Alda, Nebraska, welcomes over 35,000 people throughout the month of March
to witness the great Sandhill Crane migration (B. Krohn pers. comm.). However, the visitor-base quickly
drops throughout the rest of the year, leaving an opportunity for greater engagement during the “offseason”. The chance to see a bison can provide a year-round incentive to attract new visitors and
increase the awareness of the CT mission of protecting migratory bird habitat. The CT NVC is a prime
location to engage visitors and share about grassland conservation and bison recovery. Currently, the
NVC offers an art gallery, videos on bison conservation, a bison taxidermy exhibit, a gift shop, and
interpretive materials on bison and conservation. A visitor questionnaire could help clarify the reasons
visitors come to the NVC throughout the year and the impact that bison have on bringing new visitors
outside of March.

Ecotourism and Viewing Opportunities
The smaller metapopulation of the CT bison occupy a 60-acre lowland prairie pasture. The pasture was
restored from a crop field and offers the best opportunity to view bison in the area. Bison can be viewed
both from the interstate as well as from the NVC trail system. The trail system boarders the western side
of this pasture and leads to a metal foot bridge and another longer trail system that surrounds a portion
of the main bison herd’s range along the North Unit. During periods where the larger metapopulation
does not occupy this range, an extensive trail system is also located within these pastures. The trail
system has interpretive signage in place discussing crane conservation, grassland and wet meadow
ecology, and information on bison. The larger metapopulation is less accessible by the general public.
However, the CT NRT welcomes guests who stay in on-site cabins near the CT Headquarters to view the
bison. These guest most commonly stay during the spring crane migration; however the cabins get used
sporadically throughout the rest of the year. During their stay, the guests are offered a chance to see the
bison and learn about the CT conservation efforts. These experiences consist of a guided truck tour with
a member of the CT NRT. They provide a more intimate experience, and can be used as a way to connect
with donors (Chapter 6). The CT will continue to disseminate information about bison recovery and
grassland conservation through the NVC and guided tours.

Media Production
Access to the crane migration has attracted wildlife and conservation photographers from around the
world to the CT. Over the years, they some of these relationships have developed into partnerships
(Appendix 7), resulting in several media productions, movies, and other forms of media have been
created to share the conservation work of the CT. For instance, partnership with Platte Basin Timelapse
(www.plattebasintimelapse.com) have produced story-telling documentaries about how the CT counts
cranes and time-lapse photography demonstrating wet meadow hydroperiods (see Brinley Buckley et al.
2021). Bison media has been inspiring new partnerships as well. For example, Alex Wiles Media
(www.awilesphoto.com/) has partnered with the CT herd to push the boundaries of videography by
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filming the bison from ground-level with a truck mounted camera boom. The CT bison have also brought
media interest from the public sector, where they have been featured in local and national articles
(Voggesser 2016, Gnuse 2019) on National Geographic Wild’s “Heartland Docs” (“Bring on the Bison”
Season 2 – Episode 5). The CT NRT and development teams will continue to grow partnerships to
produce new media focused around the bison program and grassland conservation. All media content
will be reviewed by the NRT for scientific accuracy and the CT as an organization should be credited for
their contribution and use of the bison for published media. Safety and stress risks need to be minimized
when media is being produced. Media producers must always be accompanied by a member of the CT
NRT. Imagery in close proximity to bison should be avoided, particularly during calving and matting
seasons when bison are more unpredictable and aggressive.

Social media
Besides the crane migration, CT social media posts about bison are the most popular (CT unpublished
social media data). These posts usually fill in gaps throughout the year and occur most frequently during
calving season. The CT NRT should continue to work closely with the CT social media staff to provide
content for social media posts outside of calving season, and look to post during other charismatic times
like mating season. Bison-oriented media posts should also coincide with relevant holidays like National
Bison Day (1st Saturday in November), National Prairie Day (June 4th), National Grasslands Week (3rd
week of June), and others. Social media posts will also include updates on the CT bison population, new
introductions, highlight partnerships, explain management, and disseminate their research.

Indigenous Relations
The indigenous community is an important bison stakeholder group. So far, the CT capacity and
connection has been limited to indigenous cultures. However, partnerships with ITBC could be further
developed to bridge cultural gaps (Torbit and LaRose 2001). The CT has also had some connections with
Pawnee Nation College and may be able to develop education program with bison and develop more
indigenous knowledge regarding bison on the Great Plains or within the Central Platte River Valley. The
CT may also consider holding indigenous culture-oriented events at the NVC. Continued efforts should
be made to cross cultural boundaries and develop indigenous partnerships. The CT NRT may also discuss
opportunities for bison trading or donation to indigenous nations in the future.

Student Education and Engagement
School groups and educators often come to the CT to inquire about educational programming. The CT
should offer age-appropriate programming around bison and grassland conservation. For instance,
History Nebraska used information from the CT bison program to discuss modern bison conservation,
their roles in ecosystems, and create a native seed transportation activity using simulated bison fur
(https://history.nebraska.gov/events/bison-exhibit-opening-day) in a traveling bison exhibit created by
National Buffalo Foundation and the Kaufmann Museum (www.bisonexhibit.org). The CT bison have also
been used for field trips and for research at the collegiate level. For instance, the CT bison have been
involved in undergraduate and graduate research projects involving bison behavior, diet, and
conservation (see Vinton 2017, Schultz 2018, Caven et al. 2021, Rogers 2021). The CT will continue to
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find ways to engage students with bison programming and will pursue interested collegiate parties on
collaborations and research.

Greater Bison Community
The CT NRT have been active in national forums for bison recovery. The American Bison Society (ABS)
and the National Bison Association (NBA) are just two examples of forums that bring the multisector
stakeholders of bison management and recovery together. These associations provide reference
materials, novel research, news alerts, and create opportunities for collaboration across the bison
sector. These societies and associations hold conferences with merit to bison conservation, however the
NBA is more focused towards bison production and the ABS is more focused on the ecological
restoration of bison. The ABS hold a reoccurring conference hosted by the Wildlife Conservation Society
which brings collaborators from all of the bison sectors to discuss long-term conservation goals,
outlooks, progress, or concerns to bison recovery. The conference has offered a chance for the CT NRT
to be signatories of the “Buffalo Treaty” (www.buffalotreaty.com) with indigenous communities and
learn more about bison and share their original research on bison ecology, health, and recovery (e.g.,
Caven et al. 2019). The CT NRT may also be asked to share experiential knowledge at conferences or
within bison-oriented focus groups or surveys. For instance, the CT NRT has been involved in a roundtable discussion about bison worker safety and low-stress handling (see Finocchiaro 2019). On occasion,
the CT may be asked to participate in national bison studies (e.g., Craine 2021). The CT NRT should
continue to participate on the national platform and contribute to the better scientific understanding of
bison. When available or when resources allow, bison data may be shared with collaborators and
researchers, however they should include acknowledgement of CT contributions and follow the CT’s
data use agreement.
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Chapter 6: Financial Considerations
Goal 5: Develop strategies of long-term economic sustainability for the bison program using
ecologically sound culling decisions.

6.1 Objectives
•
•
•
•
•

Hold annual bison sales with an emphasis on selling bison to conservation minded bison
managers.
Promote genetic diversity and integrity as a selling point for the Crane Trust bison.
Explore avenues of revenue for ethical bison meat harvest.
Solicit private donations for sponsoring bison program, including expanding fencing, sponsoring
new bison purchase, bison meat donations, and a habitat restoration program.
Increase donor engagement and provide avenues for contributions to expand and promote the
bison herd.

6.2 The Cost of Operation
Raising bison can be a costly endeavor. Most of the costs are upfront for the initial purchase of bison
breeding stock and infrastructure, like fencing and working facilities (T. Smith pers. comm., Carter and
Matheson 2017). The CT bison program needs to persist without becoming a financial “drain” on the
organization. The CT NRT has expressed that the bison budget needs to stay in the “black”, with
expenses being covered by the revenue drawn from bison so that the program is financially selfsustaining. Bison are a marketable resource as livestock and for meat production. However, sales of
bison or bison meat need to consider other goals for the CT bison herd (i.e., genetics, see Chapter). Sales
of bison as meat or breeding stock may not cover additional expenses of the CT bison program (i.e.,
range expansion) and other avenues of funding should be explored.
The CT has already accounted for the upfront costs of raising bison and can now make reasonable
estimates of the annual maintenance cost of the bison herd. Expenses for the bison program include
fence maintenance, health and genetic testing and monitoring, insurance fees, and others (Table 4).
Expenses also include purchases of new bison to meet genetic conservation goals (see Chapter). The CT
NRT also expressed the need for the bison program to fund the bison manager position, which currently
provides housing, and other staff expenses for the program. There was some debate on how much of
the salary (~$40,000) should be paid for by the program, as the position currently involves other land
management duties within the CT habitat mission. Here we provide an estimated expense list under two
scenarios using internal budget data information gathered from the CT NRT. The first scenario includes
paying for 50% of the bison manager salary, while the second includes paying for 100% of that salary.
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Table 4: Estimated annual expense list for maintenance of the CT bison program under two scenarios of Bison Manager salary
compensation.

Expense Source

Projected Annual Expense
(50% Salary) *

Bison Manager Salary *

$20,000

Projected Annual
Expense
(100% Salary) *
$40,000

Science Technician (80hrs @$16.00/hr)

$1,280

$1,280

Fence & Water Maintenance

$3,000

$3,000

Handling Facility Modifications

$2,000

$2,000

DNA Testing (46@$80.00)

$3,680

$3,680

Minerals

$1,000

$1,000

Medicine & Veterinary Expenses

$5,000

$5,000

Diet Testing & Necropsy

$2,000

$2,000

Conference Travel & Fees

$2,000

$2,000

Insurance

$5,000

$5,000

New Bison Purchases

$7,000

$7,000

Total Projected Annual Expenses

$51,960

$71,960

6.3 Income Strategy
Annual sales of yearlings at conservation auctions make up the bulk of revenue for the bison program.
Annual sales allow the CT NRT to meet bison stocking rate objectives of ~115 AU and allow the CT to
disseminate their genetically diverse bison as “breeding stock” for other herds. Given current herd
structure recommendations (Appendix 1), the CT NRT expects ~46 bison to be born each year. Assuming
a 50:50 male to female birth ratio, the CT can estimate 23 bison males and 23 bison females each year.
Following herd culling decisions and genetic recommendations the CT NRT will sell most calves when
they are yearlings and will keep a few (n=2) replacement heifers each year (Chapter 3, Appendix 1). A
few of the bulls may be marketed as top-cut or breeding bulls for their diverse genetic quality or other
attributes (see Caven and Salter, Bison Attractiveness Rating Index – Appendix 8). Keeping one or two
yearlings for sale as two-year-old breeding bulls may provide a higher premium for individual bison on
occasion (J. Salter pers. comm., Table 4).
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Table 5: Average sales results of 2021 CT bison sales at Prairie Legends conservation auction.

Age Class
Yearling (20 months) Heifers
Yearling (20 months) Bulls
2-4 yo Cows
Yearling Breeding Bulls
2 yo Breeding Bulls

Average Live
Weight
695
785
934
862
1104

Average Live $/lb

Average Revenue

$1.76
$2.26
$1.95
$2.62
$2.26

$1,225
$1,775
$1,825
$1,950
$2,500

Keeping bison yearlings or importing new bison from other herds will require the culling of older bison
to stay within the recommended stocking density. Harvesting these bison for meat may provide source
of reliable revenue. While cattle prices are highly volatile a closely tied to the global market, bison meat
value stays relatively stable as a niche market resource. Approximately 56% of a bison’s live weight is
kept for harvesting (Hauer undated), this is also known as carcass weight (CWT) (bones and muscle, less
the organs, hide, head and hooves). Aged bison bulls and cows dress out at 700-1200 lbs (average 1000
lbs) CWT, and have a relatively stable market value ~$4.00/lb/CWT (SDSU Bison Economics Tool 20172022). However, selling CT bison meat within a food niche ecological-centered grazing practices and as
“free-range” meat may allow for a higher market value. For the meantime, harvested bison will be sold
as quarters, halves, or whole CWT weight to interested parties, and processing fees will be paid directly
to the processor. As an ethical practice to reduce stress, harvested bison will be put down and bled in
the field before being taken to a local processing facility. To reduce risk of socio-ethical conflicts with
harvest, meat sales will not be widely marketed at this time.
Here we provide CT bison sale data (2021 sale, Prairie Legends), demographic estimations (i.e., birth
rates, equal calf sex ratio) (Appendix 1), and current meat market data (SDSU Bison Economics Tool
2017-2022) to estimate the potential annual revenue of the CT bison (Appendix 9). This model assumes
a multi-strategy scenario of selling bison yearlings and marketing young breeding bulls, following CT NRT
herd structure and culling recommendations within this management plan. It assumes that two yearling
females are kept each year as replacements, three yearling males are sold as breeding bulls, and two,
two-year-old yearling males are kept each year and sold the following year as breeding bulls. This model
also assumes that two aged bison are harvested for meat each year. We then consider the projected
annual bison expenses under four scenarios of current calf production, a decreased calf production, and
compensating the bison manager salary (50% & 100%) to balance the annual bison “financial book”
(Table 6). Based on these estimates, the bison program should be economically sustainable under the
first three scenarios, however the scenario of a reduced calf rate and expectation of the program to pay
100% of the bison managers salary indicates that the program would no longer be self-stuffiest. It is also
worth noting that annual bison sales will likely vary from year to year. The CT NRT recommends using a
three-year average to balance the bison budget over the long term. This will help demonstrate the
sustainability of the program during the occasional year where the program might be in deficit.
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Table 6: Projected annual revenue and costs under a current estimated calf production (~46 calves/year) and reduced
estimated calf production (~38 calves/year) and two scenarios of obligatory expense for the CT bison herd program based on
national bison market data from SDSU and from CT internal bison sales data.

Source

Projected
Annual Revenue
(46 calves/year)
(50% Salary*)
$24,182
$30,033
$5,499

Projected
Annual Revenue
(46 calves/year)
(100% Salary*)
$24,182
$30,033
$5,499

$4,700

$4,700

$8,000
($20,000)

$8,000
($40,000)

Science Technician (80hrs)
Fence & Water
Maintenance
Handling Facility
Modifications
DNA Testing
Minerals
Medicine & Veterinary
Expenses
Diet Testing & Necropsy
Conference Travel & Fees
Insurance
New Bison Purchases (2)

($1,280)
($3,000)

($1,280)
($3,000)

($2,000)

($2,000)

($3,680)
($1,000)
($5,000)

($3,680)
($1,000)
($5,000)

($2,000)
($2,000)
($5,000)
($7,000)

($2,000)
($2,000)
($5,000)
($7,000)

Projected Annual Balance

$20,454

$454

Yearling Heifers (21)
Yearling Bulls (18)
Breeding Bull Yearlings (3)
Breeding Bull 2-year old
(2)
Aged Bison Meat
Bison Manager Salary*

Reduced Projected
Annual Revenue
(38 calves/year)
(50% Salary*)
$19,576

Reduced Projected
Annual Revenue
(38 calves/year)
(100% Salary*)
$19,576

$23,359
$5,499

$23,359
$5,499

$4,700

$4,700

$8,000
($20,000)
($1,280)

$8,000
($40,000)
($1,280)

($3,000)

($3,000)

($2,000)
($3,040)
($1,000)

($2,000)
($3,040)
($1,000)

($5,000)
($2,000)
($2,000)

($5,000)
($2,000)
($2,000)

($5,000)
($7,000)
$9,814

($5,000)
($7,000)
($10,187)

6.4 Notes on Fundraising
For non-profits like the CT, fundraising is an ongoing process necessary for organizational growth.
Outside funding may help the CT fill potential economic gaps, expand the bison range, or increase their
research capacity. Non-profits may leverage additional funds through grant programs, partnerships, or
campaigns to solicit gifts from donors. Provided here are the collective ideas of CT NRT to garner funding
to meet their bison goals and potentially expand the program (e.g., East Unit, Chapter 2).

Grants
As a charismatic species with cultural and ecological benefits (see Chapters 1, 2, & 5), there are several
grant categories that could be explored for bison. Grants may be written to focus on bison recovery,
ecosystem services, education, ecotourism, and others (Table 7). Cooperative grants, written with state
and federal agencies, universities, community stakeholders, and other non-profits may help the CT be
more competitive for larger grants.
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Table 7: A list of possible qualifying grants that could help support portions of the CT bison program.

Grant Category

Exemplary Grant

Source

Bison Recovery

National Buffalo
Foundation
Center of
Excellence for
Bison Studies
Sustainable
Grazing Initiative
Land Trust Bird
Conservation
Initiative
Nebraska
Tourism
Public
Information and
Education (PIE)
Conservation
Innovation Grant
Turner
Foundation, Inc.
Tribal Historic
Preservation
Fund

https://www.nationalbuffalofoundation.org/

Bison Research

Regenerative
Grazing
Bison-Avian
Habitat
Bison Viewing
Environmental
Education
Carbon Storage
Land
Restoration
Indigenous
Relations

https://www.sdstate.edu/center-excellence-bison-studies

https://cedartreefound.org/sustainable-grazing-initiative
https://www.birds.cornell.edu/landtrust/2022-request-for-proposals/

https://visitnebraska.com/media/industry/category/grants
https://neacadsci.org/PIEGrant

https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/in
itiatives/
http://www.turnerfoundation.org/passions/land/
https://preservationaction.org/wp-content/uploads/2021/02/AW-THPOHPF-Funding-FY2022.pdf

Donors/Sponsors
Interest in bison recovery has drawn huge financial support from the public sector. For example, the
Greater Yellowstone Coalition and Yellowstone Forever were recently able to fundraise $500,000 to
create a program to relocate brucellosis-free bison from Yellowstone to other bison conservation
entities (www.yellowstone.org). The CT NRT believes there is great potential for donor contributions to
their bison program as well. The CT has suggested that campaigns for more fence funding could be the
key to expanding the bison range or purchasing new land within the mission area. Donors may also be
interested in funding bison reintroduction on conservation partner lands, like the Nature Conservancy or
adjacent privately-owned lands. Campaigns like an “adopt a bison” program has been suggested to
increase donor interest and provide funding purchase new bison or make donating bison breeding stock
to indigenous communities (Chapter 5). Funding campaigns can be shared through social media, or they
could be pitched in bison safari packages, using the VIP Crane Viewing program model (described in
Chapter 5). Private businesses may also be interested in sponsoring components of the bison program.
For instance, the Buffalo Field Campaign is supported, in part, through contributions from companies
like Clif Bar™, Osprey Packs™, and Patagonia™ (www.buffalofieldcampaign.org/partners). Though these
are national corporations, the CT may be able to garner support from companies within the local
community. As partnerships, awareness, and cultural identity continues to grow for the bison, the CT
can begin building partnerships with private donors and community business partners.

P a g e | 64

Appendices
Appendix 1: Herd Structure and Age Dynamics
As of January 1, 2022, total number of adult bison (> 1 year) is 114 AU. This includes 57 cows, 16 bulls,
and 42 yearlings (25 males, 16 females). The CT will maintain this number of adult bison and has a target
herd structure that is focused on providing unique breeding opportunities to assist in diversifying the
genetic composition of calves (see Chapter 3). The overall goal is to maintain a 1:4 male:female breeding
bull ration, or 1-1.5 bulls for every 5 cows/heifers. Age structures will be staggered to allow for
replacement and recruitment of breeding age animals (Table 1, Figure 1). Based upon the recommended
herd structure and calving rates for bison (55-88%), the CT can expect 40-50 (~46) bison calves to be
born each year at the current demographic structure of the herd (Halloran 1968, Rutberg 1986, CT
Unpublished Data). However, it is worth noting that as female bison age, calf productivity is likely to
decrease at some point. Productivity could be reduced to as low as 60% of breeding age females (A.
Caven pers. comm.). However, we use estimates at today’s population structure to develop an
expected/ideal demographic model (Table 1, Figures 2 & 3).
Adhering to the recommended stocking density of 115 AU (Chapter 2), bison continue to be culled at the
discretion of the CT NRT. The NRT use adaptable culling decisions based on a variety of considerations,
including age structure, genetic management, health, and other factors. Maintaining a consistent
population assumes that there is zero population growth, in other words, the population is in balance
and population losses (emigration/death) are equal to population gains (immigration/births) (Figure 3).
The bulk of the annual culling will be from yearlings to maintain recommended stocking rates and age
dynamics (Table 1, Figure 1), which is an effective strategy to retain genetic variation in the herd (Gross
and Wang 2005).
Bison calves considered yearlings and calculated as an AU at 9-months. Some bison must be culled at
this point to maintain the recommended stocking density of ~115 AU. The majority of the previous
year’s bison calves (now 20-month yearlings) to make room for the new yearlings. However, the CT NRT
should consider retaining 2-3 of their female bison yearlings with a high BGVI score (Caven and Malzahn
2021, Chapter 3) score as “conservators” of genetic diversity and to be used as “replacement heifers”
every 1-2 years. The CT should also consider purchasing 1-2 new bison yearlings every year or every
other year to introduce new genetic diversity into the herd. On occasion, male bison yearlings born at
the CT with the greatest genetic uniqueness may also be considered, particularly if they were sired from
a bull with limited offspring production with few kin within the herd and has a highly unique genetic
lineage (Berger and Cunningham 1994, Hartway et al. 2020). Older bison may also be sold, harvested, or
culled and provide vacancies for new bison to be purchased and introduced into the herd (Chapters 3 &
6).
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Table 1: A comparative model of the current and suggested stable state demographic structure by age classes (Ungerer et al.
2013, King et al. 2019) to maintain current bison densities and production. The current structure represents the bison herd as of
January 1, 2022. The model assumes a stable breeding stock population (n = 69) and calf production each year (n = 46) with a
50:50 male:female sex ratio.

Age Class
Calves
Juvenile Bulls, Replacement
Heifers*
Young bulls, Young cows
Prime bulls, Prime Cows
Old bulls, Prime Cows
Old bulls, Old Cows

Age
(Years)
<1
1,2
3,4
5,8
9,12
12,18+

Current Structure
(n = 114)
Male
Female

Expected/Ideal
(n = 115)
Male
Female

Residual
Male

25
0

16
3

23
2

23
4

2
-2

Fema
le
-7
-1

4
7
4
1

13
23
9
9

3
5
3
2

12
16
14
8

1
2
1
-1

1
7
-5
1

Comparison of Current (n=114) &
Expected/Ideal (n=115) Population Structure
2
4
7

3

12,18+

9
9

14

5

9,12
16

4

3

12
13

2
25

8

1

0

3

3,4

4

1,2

23

16

Ex/Id. Female

Cur. Female

Ex/Id. Male

23 5,8

23 <1

Cur. Male

Figure 1: A visual comparative model of the current and suggested stable demographic structure by age classes (Ungerer et al.
2013, King et al. 2019) to maintain current bison densities and production. The current structure represents the bison herd as of
January 1, 2022. The model assumes a stable breeding stock population (n = 69) and calf production each year (n = 46) with a
50:50 male:female sex ratio.
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Suggested Stable Age Structure For CT Bison
Breeding Stock (n=69)
8

12,18+

2

14

9,12

3

16

5
12

3
4

Male

2

5,8

3,4
1,2

Female

Figure 2: A suggested model for the recommended age structure of a stable breeding stock population (n=69) of bison with 1:4
male female ratio based on several assumptions. 1) Assumes the approximate lifespan of 20 years. 2) Assumes that 2 older
bison are harvested each year and most bison yearlings are sold each year (Chapter 6). 3) Assumes that 2 bison yearlings
females are kept by the CT as “replacement heifers” and not sold each year (Chapter 3). 4) Assumes 1 new bison bull yearling is
purchased each year to introduce new genetic material into the herd (Chapter 3).

Figure 3: Conceptual model for maintaining the CT bison population size and demographic structure. This model, demonstrates
the equation to balance bison losses and gains to maintain the recommended stocking densities, and considering the
assumptions made above (Table 1, Figures 1 & 2). The “*” denotes where 2 female bison calves per year are not sold with the
other yearlings and kept as replacement heifers. As female breeding stock bison begin to age into an older demographic, their
productivity is likely to go down and these numbers may be lower (n=~35) if the current demographic structure is not adhered
to.
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Appendix 2: Current Bison Herd and Genomic Contributions
Table 1: Current bison within the CT bison herd, including genomic contributions as analyzed by UCD and TAM. Four bison were sampled from both laboratories. Those marked with a "*" in the
"Genetics Testing Category" were averaged for genomic contribution between the two labs.
Birth
Year

Origin

200 800 4091

2008

Rimrock

Texas A&M

90

200 800 4087

2008

Rimrock

26

200 800 4083

2008

38

200 800 4071

39
48
96
97
86
187
192
93
102
A13

Unknown

87

13%

34%

14%

6%

14%

20%

21%

30%

14%

Texas A&M &
UC Davis *

8%

13%

35%

10%

6%

Rimrock

Texas A&M &
UC Davis *

8%

26%

22%

10%

7%

2008

Rimrock

Texas A&M

17%

16%

27%

20%

16%

200 800 4070

2008

Rimrock

Texas A&M

12%

14%

29%

19%

22%

200 800 4061

2008

Rimrock

Texas A&M &
UC Davis *

7%

13%

24%

9%

9%

982 000 156
074 656
983 000 156
074 657
982 000 156
074 646
982 000 156
074 647
982 000 156
074 652
982 000 156
074 653
840 003 006
362 544
982 000 375
621 510

2008

Rimrock

Texas A&M

13%

22%

21%

21%

19%

4%

2008

Rimrock

Texas A&M

15%

28%

16%

20%

15%

6%

2012

Rimrock

Texas A&M

29%

21%

25%

11%

14%

2012

Rimrock

Texas A&M

14%

21%

14%

23%

22%

6%

2012

Rimrock

Texas A&M

12%

22%

24%

26%

13%

3%

2012

Rimrock

Texas A&M

13%

26%

19%

21%

15%

7%

2013

Rimrock

Texas A&M

13%

27%

16%

23%

17%

4%

2013

RM Arsenal

Texas A&M

94%

17%

National Elk
Refuge

Y

Neal Smith NWM

Texas A&M &
UC Davis *

RM Arsenal

Rimrock

Book Cliffs NM

2008

Tallgrass Prairie

200 800 4093

Yellowstone NP

85

Wichita
Mountains NWR

n = 48

Wind Cave NP

Females ≥ Breeding Age

Teddy Roosevelt South

CT Cows

Genetic Contributions
Teddy Roosevelt North

Introgression

National Bison
Range

Genetics
Testing Lab

Fort Niobrara
NWR

EID Tag #

Badlands NP

Tag#

18%
3%

12%

6%

12%

8%

20%
3%
4%

20%

19%

6%
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A1

982 000 375
621 489
840 003 006
362 547
840 003 006
362 549
982 000 375
621 521
982 000 375
621 523
982 000 375
621 524
982 000 375
621 525
982 000 375
621 491
982 000 375
621 498
982 000 375
621 493
982 000 375
621 530
982 000 375
621 531
982 000 418
713 352

2013

RM Arsenal

Texas A&M

2013

Rimrock

Texas A&M

11%

21%

25%

19%

21%

3%

2013

Rimrock

Texas A&M

19%

24%

14%

22%

15%

6%

2014

Crane Trust

Texas A&M

12%

21%

19%

33%

13%

3%

2014

Crane Trust

Texas A&M

14%

21%

18%

30%

14%

3%

2014

Crane Trust

Texas A&M

17%

17%

17%

28%

17%

3%

2014

Crane Trust

Texas A&M

15%

19%

16%

31%

15%

3%

2014

RM Arsenal

Texas A&M

80%

2014

RM Arsenal

Texas A&M

28%

59%

2015

RM Arsenal

Texas A&M

22%

16%

48%

2015

Crane Trust

Texas A&M

11%

22%

16%

36%

13%

3%

2015

Crane Trust

Texas A&M

12%

19%

18%

36%

13%

3%

2015

Texas A&M

T4

982 000 418
713 354

2015

T6

982 000 418
713 356

2015

T7

982 000 418
713 357

2015

T8

982 000 418
713 358

2015

T10

982 000 418
713 359

2015

161

982 000 375
621 503
982 000 375
621 504
982 000 375
621 507

2016

Teddy
Roosevelt
NP
Teddy
Roosevelt
NP
Teddy
Roosevelt
NP
Teddy
Roosevelt
NP
Teddy
Roosevelt
NP
Teddy
Roosevelt
NP
Crane Trust

Texas A&M

69%

2016

Crane Trust

Texas A&M

76%

2016

Crane Trust

Texas A&M

41%

105
106
1407
1409
1410
1411
A3
A9
A5
1504
1505
T2

163
166

92%

Y

8%

20%
13%
14%

87%

13%

78%

12%

Texas A&M

92%

8%

Texas A&M

90%

10%

Texas A&M

91%

10%

Texas A&M

90%

10%

Texas A&M

10%

13%

14%

37%

4%
15%

10%

15%

7%
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D-16
1709
1705
1719
1720
1803
1804
1805
1810
1818
1825
patty

840 003 205
002 768
982 000 418
713 368
982 000 418
713 363
982 000 418
713 395
982 000 418
713 377
982 000 418
713 381
982 000 418
713 382
982 000 418
713 383
982 000 418
713 388
982 000 418
713 397
982 000 425
959 681
982 000 425
959 714

2017

UC Davis

45%

2017

Darryl
Meister
Crane Trust

UC Davis

20%

2017

Crane Trust

UC Davis

2017

Crane Trust

UC Davis

2017

Crane Trust

UC Davis

2018

Crane Trust

UC Davis

2018

Crane Trust

UC Davis

2018

Crane Trust

UC Davis

2018

Crane Trust

UC Davis

2018

Crane Trust

UC Davis

2018

Crane Trust

UC Davis

2018

Crane Trust

12%

34%
62%

43%

13%

11%
22%

37%
19%

42%

18%
13%

57%

13%

21%

22%

21%

65%

35%

47%

16%

59%

19%

55%
11%

33%

8%

14%

24%

33%

73%

27%

39%

19%
20%

15%

37%

20%

37%

28%

Heifers

Females < Breeding Age

n = 25

1905

840 003 204
668 645
840 003 204
668 665
840 003 204
668 668
840 003 204
668 672
840 003 204
668 678
840 003 204
668 683
840 003 205
002 764
840 003 205
002 781
840 003 205
002 786
840 003 245
615 292
840 003 245
615 298

2019

Crane Trust

UC Davis

11%

2019

Crane Trust

UC Davis

55%

2019

Crane Trust

UC Davis

19%

67%

14%

2019

Crane Trust

UC Davis

16%

57%

27%

2019

Crane Trust

UC Davis

54%

21%

2019

Crane Trust

UC Davis

41%

30%

2020

Crane Trust

UC Davis

2020

Crane Trust

UC Davis

2020

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

1908
1911
1915
1921
1926
2007
2023
2028
2101
13

12%

13%

30%
30%
55%

11%

16%
20%

25%

59%

15%

11%
25%

20%

15%

20%

15%

20%

19%

11%

15%

11%

16%

12%

16%

20%

67%

33%
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15
16
21
22
23
24
30
31
32
34
36
41
42

840 003 245
615 300
840 003 245
615 301
840 003 245
615 306
840 003 245
615 307
840 003 245
615 308
840 003 245
615 309
840 003 245
615 374
840 003 245
615 375
840 003 245
615 376
840 003 245
615 378
840 003 245
615 380
840 003 245
615 383
840 003 245
615 384

vc?

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

50%

50%

2021

Crane Trust

UC Davis

47%

53%

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

-

CT Bulls ≥ Breeding Age
Y88
Y89
Afro
Crazy
Horns
A6
A11
A8
BdLD
Red 11
BdLD
Red 30

22%

21%

62%

16%

63%

37%

49%

30%
72%

70%

11%
Y

27%

24%

44%

28%
31%

62%

38%

66%

24%

48%

26%

48%

28%

89%

11%

20%

36%
100%

n = 12

982 000 156
074 648
982 000 156
074 649
200 800 0037

2012

Rimrock

Texas A&M

12%

30%

16%

19%

19%

4%

2012

Rimrock

Texas A&M

10%

24%

22%

22%

19%

4%

2007

Turner

-

982 000 375
621 512
982 000 375
621 494
982 000 375
621 500
982 000 375
621 496

2013

RM Arsenal

Texas A&M

88%

2013

RM Arsenal

Texas A&M

28%

2014

RM Arsenal

Texas A&M

96%

2014

RM Arsenal

Texas A&M

71%

2014

Badlands NP

UC Davis

88%

12%

2014

Badlands NP

UC Davis

91%

9%

100%
12%
13%

52%

7%
4%

12%

17%
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T1

982 000 418
713 351

2015

Teddy
Roosevelt
NP
Teddy
Roosevelt
NP
Teddy
Roosevelt
NP
n = 29

Texas A&M

91%

9%

T3

982 000 418
713 353

2015

89%

12%

T9

982 000 418
713 359

2015

Texas A&M

88%

12%

2018

Crane Trust

UC Davis

61%

39%

2018

UC Davis

16%

UC Davis

56%

2019

Caprock
Canyon
Caprock
Canyon
Crane Trust

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

CT Bulls < Breeding Age
1826
C1
C2
1920
2100
2102
2103
5
6
7
8
9
10
11
12
14
17
18
19

982 000 425
959 689
840 003 204
668 687
840 003 204
668 688
840 003 204
668 677
840 003 245
615 297
840 003 245
615 293
840 003 245
615 294
840 003 204
668 663
840 003 204
668 694
840 003 204
668 695
840 003 204
668 696
840 003 204
668 697
840 003 204
668 698
840 003 204
668 699
840 003 245
615 296
840 003 245
615 299
840 003 245
615 302
840 003 245
615 303
840 003 245
615 304

2018

Texas A&M

Y

UC Davis

45%

43%

21%

19%

26%

19%

16%
32%
19%

10%

11%

22%

40%

11%

30%

12%

Y

Y

36%

32%
19%

73%

27%

71%

29%

24%

33%

11%

21%
38%

35%

23%
16%

13%

24%

22%

79%
40%

15%

45%

18%

18%

50%

34%

69%

31%

14%

28%

85%

16%

55%

27%

66%

34%

53%

29%
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20
27
28
29
33
35
37
40
43

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

2021

44%

13%

58%

18%

15%

50%

35%

UC Davis

31%

51%

18%

Crane Trust

UC Davis

34%

16%

50%

2021

Crane Trust

UC Davis

58%

42%

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

2021

Crane Trust

UC Davis

15%

22%

42%

21%

11%

73%

15%

58%

42%
100%

8%

3%

10%

2%

19%

1%

0%

Unknown

7%

National Elk
Refuge

4%

Neal Smith
NWM

10%

RM Arsenal

13%

Book Cliffs NM

3%

Tallgrass Prairie

0%

Yellowstone NP

6

Wichita
Mountains
NWR
Wind Cave NP

Percent
Genomic
Contributions

24%

Teddy
Roosevelt South
Teddy
Roosevelt North
National Bison
Range

Number of
Bison with
Cattle
Nuclear
Markers

43%

Fort Niobrara
NWR

114

2021

Badlands NP

No Tag
44?
Total
number
of bison

840 003 245
615 305
840 003 245
615 311
840 003 245
615 372
840 003 245
615 373
840 003 245
615 377
840 003 245
615 379
840 003 245
615 381
840 003 245
615 382
840 003 245
615 383

21%
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Appendix 3: Bison Diseases Table
Table 1: Informational list of bison diseases of conservation concern. Level of concern for the CT bison herd was dictated by the NRT. Superscript “*” indicates a reportable disease in Nebraska,
while superscript “+” indicates a disease reported at the CT.
Level of
Concern
1+ *

Disease
Anthrax

Cause
Bacteria - Bacillus anthracis

Class
Toxin

Vector
Soil borne
Intraspecific

Transmission
Contaminated
environments

Clinical Signs
Sudden death,
unresponsiveness, swelling
in the umbilical region

Manifest Time
1-14 days

Persistence
Varies

Demographics
All age bison

1*

Brucellosis

Bacteria - Brucella abortus

Reproductive

Intraspecific
Interspecific
(cattle and
wildlife)

Fetal fluid, vaginal
discharge, milk,
fecal

30 days - 1
year

Lifelong

All age bison

Have bison tested before
introduction
Slaughter infected bison

1+

Hoof Rot

Bacteria - Spherophorous
necrophorous

Other

Soil borne

Contaminated
environments

Abortion and retained
placentas, inflammation of
testes, decreased fertility,
abscesses, arthritis,
lameness, and joint
swelling
Lameness
Limping
Swollen joints

2-3 weeks

Unknown

All age bison

May be more common in
wet conditions and moist
soils

1

Mycoplasma

Bacteria - Mycoplasma bovis
Stress

Respiratory

Intraspecific
Interspecific
(cattle)

Weight loss, mild
depression, runny eyes,
coughing, arthritis,
abortion and infertility

1-4 weeks

≥ 2 years

All age bison

1+

Pink Eye

Bacteria - Moraxella bovis

Ocular

Insect host
(Face flies)
Intraspecific

Aerosol, oral,
nasal
Management
stressors?
Environmental
stressors?
Insect bites
Environment

Reduce overcrowding
Avoid grazing in areas of
prolonged flooding
Reduce stress

2-3 days

≤1 year

All age bison

Antibiotic
Pest balling bison for
insects

Contagious within herd

1+

Intestinal Parasites

Parasites - Strongyle-type,
Nematodirus sp., Moneizia sp.,
Trichuris sp., Coccidia (Eimeria
sp.), Toxicara vitulorun*
Liver fluke - Fasciola hepatica

Digestive

Intraspecific
Interspecific
(cattle and
wildlife)

Fecal

Varies

Varies

Bison < 2 years of age
are most susceptible to
higher fecal egg counts
for gastrointestinal
parasites

Maintain low stocking rate
Monitor effects on calf
weight gain
Not administering
anthelmintics at this time

Usually associated with
overcrowding or wet
conditions

2*

Bovine Tuberculosis

Bacteria - Mycobacterium bovis

Respiratory

Lifelong

All age bison

Reduce stress
Testing

Clostridial Diseases
(Including Blackleg)

Bacteria - Clostridia spp.

Toxin

Aerosol, oral,
nasal
Management
stressors
Contaminated
environments
Damaged tissue
Contaminated
grass or hay

2-36 months

2

Intraspecific
Interspecific
(cattle and
wildlife)
Soil borne
Intraspecific

Increased flow of tears,
reddening of the
conjunctiva, squinting,
cloudiness of cornea,
blindness
Poor body condition,
dull/shaggy coat, low
pregnancy rates,
weakened calves,
diarrhea, depression,
weakened immune system
Chronic weight loss,
chronic cough, enlarged
lymph nodes

Varies

Varies

All age bison

None
7 or 8-way vaccinations
(not administered at this
time)

2

Johne's Diseases

Bacteria - Mycobacterium avium
ssp. paratuberculosus

Digestive

Intraspecific

Imported bison can be
tested prior to release into
population

Virus - Ovine Herpesvirus-2

Respiratory

Interspecific
(sheep)

3-4 weeks

Infection at < 6 month
Clinical onset 4-12
years
Resistance > 1 year
All age bison

Untreatable
Cull infected animals

Malignant Catarrhal
Fever

3-10 years
after initial
infection < 6
months
3-4 weeks

Up to 1 year

2*

Contaminated
feed or water
Shed in feces or
milk (clostridium)
Aerosol

Tetanus, malignant
edema, botulism, sudden
death, depression,
anorexia, quickened heart
rate, high temperatures,
localized swelling
Chronic diarrhea and loss
of body weight

Imported bison can be
tested and quarantined
prior to release into
population
Diseases in this class
usually result in sudden
death before clinical signs
are recognizable

Reduce exposure to sheep

Likely not an major issue of
concern when bison are not
grazed in close proximity to
sheep

2+

Pasteurella

Bacteria - Mannheimia
(Pasturella) hemolytica
Stress

Respiratory

Intraspecific
Interspecific
(cattle and
wildlife)

3-48 hours

1 year

All age bison

Antibiotics
Separate infected bison
from herd

Many respiratory illnesses
can lead to similar
symptoms seen in
Pasteurella

Aerosol, oral,
nasal
Management
stressors

Sudden death, depression,
weakness, bloody
diarrhea, corneal opacity
of eyes, nasal and ocular
discharge, drooling and
ulcerations in the mouth
Quickened breathing,
cough, nasal discharge,
depression, weight loss,
pneumonia

Recommended
Treatment/Control
None
Avoid grazing in areas of
prolonged flooding

Additional Notes
Most prominent in flood
plains in summers after
prolonged wet periods
Results in sudden death
Infected animals can
become chronic carriers
Wildlife are a major source
of transmission
Rare in Nebraska

Little research is available
regarding mycoplasma and
the pathways for
manifestation have been
explicitly linked to stress
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2*

Foot and Mouth
Disease

Virus

Other

Intraspecific
Interspecific
(cattle and
wildlife)

Contaminated
feed or water
Overcrowding

3

Blue Tongue

Virus - Orbivirus spp.

Other

Insect bites
Aerosol, oral,
nasal

3

Bovine Shipping Fever

Multiple Viruses and Bacteria
Stress

Respiratory

Insect host
(Biting midges
- Culicoides
spp.)
Interspecific
(deer)
Intraspecific

3

Bovine Virus Diarrhea

Virus - Bovine Diarrhea Virus

Reproductive
- Digestive

Intraspecific

Fetal, nasal,
sexual, fecal,
others

3

Histophilus

Bacteria - Histophilosis somnus
Stress

Toxin

3

Infectious Bovine
Rhinotracheitis

Virus - Bovine herpesvirus-1
Stress

Respiratory Ocular Reproductive

Intraspecific
Interspecific
(cattle and
wildlife)
Intraspecific
Interspecific
(cattle)

3

Lungworm

Parasite - Dictyocaulus spp.

Digestive Respiratory Circulatory

3

Listeriosis

Bacteria - Listeria
monocytogenes
Stress

Reproductive

Insect host
(Tick Dermacentor
spp.)
Intraspecific
Interspecific
(cattle and
wildlife)

Fever, blisters in and
around mouth, mammary
glands, and hooves,
Depression, anorexia,
salivation, lameness
Inappetence
Fever, depression
Swelling of face, throat,
and joints
Oral lesions
Abortions
Depression, lack of
appetite, coughing,
isolation, shallow
breathing, nasal and
ocular discharge, death
(calves and compromised
adults)
Severe diarrhea,
abortions/birth defects,
persistent infection

24-48 hours

2-3 days

All age bison

Separate infected bison
from herd

Contagious within herd and
between bison, livestock,
and wildlife

4-5 months

Lifelong

Infection at < 6 month
Clinical onset later in
life

Reduce stress

Clinical signs are rare in
bison

7-21 days
after stressful
event

Up to 21 days

All age bison
Calves and
compromised adults

Antibiotics
Reduced stress
Adequate feed
Clean water
Avoid overcrowding

Imported bison can be
monitored prior to release
into population

3-5 days

15 days

All age bison

Vaccination not effective in
bison
Test new animals before
introduction

May be persistent in
animals for a long time,
increasing shed quantities
of the virus

Aerosol

Sudden death, Depression,
blindness, convulsions

14-21 days

Lifelong

All age bison

Reduce overcrowding

Most prominent in the fall
and winter

Aerosol, oral,
nasal, sexual, fetal
Management
stressors
Environmental
stressors
Insect bites

Fever, anorexia, ocular and
nasal discharge, coughing,
abortion

4-6 days

Lifelong

All age bison

Separate infected bison
from herd

Infected bulls can shed
large concentration of virus
in semen

Quickened breathing,
cough, nasal discharge,
quickened pulse, fever

1 day - 4
weeks

4-5 weeks

Avoid wet pastures

Long-acting tetracyclines
Anthelmintics

Usually associated with
overcrowding or wet
conditions

Contaminated
feed
Fecal
Management
stressors

Placentitis, fetal infection
and still birth, abortion,
newborn calf death,
weakness, loss of
coordination

1-4 weeks

≥ 6 months

All age bison

Reduce crowding
Clean pens
Reduce stress

Usually associated with
overcrowding and
accumulation of fecal
matter

Aerosol, oral,
nasal
Management
stressors
Environmental
stressors
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Appendix 4: Bison Fencing, Working, and Handling
The range the bison occupy at the CT was once heavily divided into separate paddocks by interior
fencing. Much of the preliminary work before introducing bison to different portions of the range was
focused around the removal of interior fences, reducing edge effects and decrease fragmentation on the
landscape. The bison fence at the CT is constructed of 6-foot tall 6-wire fencing. The fence utilizes two
strands of barbed wire, two strands of high tinsel electric fence, and an upper and lower smooth fence
wire for wildlife passage (in most cases). The high tinsel fence is electrified with a more powerful joule
rating fencer (Cyclops Electric Fence Chargers, www.cyclopsfence.com) than is standard for cattle. Gates
are composed of 4” welded steel gas pipe, which are far more durable than standard cattle gates. All
gates are securely closed using a chain and a double lock and latch system. This system for closing gates
provides double security incase locks do not latch properly to help mitigate risk of bison escape (see
Appendix item). Cattle crossing guards have been installed across gates with high vehicle traffic with
limited success of keeping bison from crossing, therefore each of these crossing now have a gate option
available to make them more secure when bison are near them. Bison fences have been intentionally
built with a vegetative buffer of at least 10 meters between the fence and the high banks of the river.
This is done to mitigate the risk of large swaths of the fence being washed away by high river flows and
flooding events. This buffer also allows space for foot and vehicle trails, allowing accessibility to the
bison and to other pastures that the CT owns. In several instances, the bison fence crosses both
temporary and permanent sloughs. These areas of bison fence are at the greatest risk of damage and
may require frequent repairs (J. Salter pers. comm.).
Bison are worked at the CT once per year to be sorted or culled. Working is conducted in early winter
(December). The CT NRT works their bison to affix two ear tags (1 numbered dangle tag, 1 EID tag) for
tracking purposes and identification of individual bison. The CT NRT uses this time to take demographic
information on bison including their sex, weight, and body condition score. To minimize handling time
and stress (discussed below), the majority of the handling and data collection occurs in calves and
yearlings, however adult bison may be occasionally caught to assess their health and fill in data gaps
(e.g., missing parentage information). Bison culling decisions must be made by the CT NRT prior to the
date of working. A pre-working meeting is suggested at least one month prior to working to understand
the working objectives and create a list of which bison need to be caught. All facility equipment should
be inspected prior to working and ensure human safety risk is accounted for (see AgHealth Safety
Checklist for Bison Handling Facilities, below)
The bison working facilities (pictured below) have been modified throughout the year, but are designed
to funnel bison from a holding pen to an alleyway and shoot system (red arrows). The night before or
the morning of working, bison are moved into the corral system to minimize risk of injury from overcrowding. The gates leading up the alleyway are swing gates, which are closed as workers move small
groups of bison (n=5-10). The alleyway, swing tub, and lead ups (green arrows) are separated by sliding
gates, designed to quietly divide the small groups of bison and allow egress in case of emergencies (e.g.,
adult bison horning a calf). The gate system leads up to a hydraulic squeeze shoot (green arrows), from
where the bison are contained for handling by the NRT or veterinary service providers. From the
squeeze shoot, bison can be sorted three ways (blue arrows). The overall philosophy behind the facility
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design is to give bison the illusion that an open gate is an escape route, but really it works them deeper
into the system and closer to the handling shoot (J. Salter pers. comm., T. Smith pers. comm.).
The likelihood of human and bison injury or death during working increase as bison stress-levels
increase (Finocchiaro 2019). Low-stress handling will be used to minimize risks associated with higher
stress levels in bison. Low-stress handling can be thought of as a way of using an animal’s natural
tendencies or behaviors to influence their movement, minimizing stress by putting less “pressure” on
animal forcing them to go somewhere. A bison’s “flight zone” and “points of balance” are important
concepts of low-stress handling. The flight zone refers to a distance around the bison, in which crossing
it prompts the bison to escape or move away. Points of balance refer to the angles of approach to which
a bison will move away from their center axis (across their front shoulder blades (Bartlett and Swanson,
no date). For example, to get a bison to move left, slowly approach its front right shoulder from their
right rear at a 45* angle. Another important concept in low-stress handling is pressure and release.
Pressure, moving closer to their flight zone, makes bison uncomfortable and move away, while release
gives them time to readjust and feel comfortable moving. Long periods (more than a few seconds) of
pressure should be avoided (Hibbard 2020). Loud noises and voices should also be avoided whenever
possible. Bison have keen eyesight and can respond unfavorably to shadows and workers in their line of
sight. Crouching behind the solid walls of the working facility and providing shade structures to reduce
shadows can help keep bison movement. Workers should be kept to a minimum when possible and any
spectators that may be observing should do so at a distance and be briefed on low-stress handling goals.

Figure 1: Bison corral system and working facility, showing the movement of bison up to the squeeze shoot.
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Appendix 5: Bison Handling Safety Checklist

Figure 1: Bison Handling Safety Checklist document provided by AgHealth Central States - Center for Agricultural Safety and
Health. Available at https://www.unmc.edu/publichealth/cscash/_documents/bison-facility-safety-checklist-2016.pdf
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Figure 1: Bison Handling Safety Checklist document provided by AgHealth Central States - Center for Agricultural Safety and
Health. Available at https://www.unmc.edu/publichealth/cscash/_documents/bison-facility-safety-checklist-2016.pdf
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Appendix 6: Modified Fecal Egg Count Flotation Procedure
-

(see Wiese et al. 2021)

Field Methods
1. Collect fresh fecal samples from the field using binoculars to identify bison sampling as they
defecate.
2. As the sampled bison moves away from the deposited feces, cautiously approach the area and
located it.
3. Using rubber gloves, a plastic spoon, and a ziplock bag, collect 3-5 scoops of fresh feces and seal
the bag.
4. Record bison identification tag and date on the ziplock bag.
5. Refrigerate samples and analyze parasites within one week.
Lab Methods
1. Squeeze the bag containing the fecal sample until the contents are well mixed.
2. Weigh 5g of fecal sample out into a clean weighing container (cup).
3. Add 20 ml of deionized water to the cup and mix thoroughly, breaking the fecal matter apart
while mixing.
4. Filter out the solid fecal matter by using a tea strainer to collect the liquid portion of the mixture
into a new cup. Rinse the mixing cup with 5 ml of deionized water and use a tongue depressor
to press the liquid out of the solid matter.
5. Divide the liquid evenly into two 15 ml capped conical tubes and label each with the bison tag
number corresponding to the fecal sample.
6. Centrifuge the sample (properly balanced) at 650 x g (2500 rpm) for 10 min. and allow the
centrifuge to slow to a stop without using a break.
7. Remove the conical tubes and discard the supernatant (liquid portion) and add 11 ml of fecal
flotation solution to each tube. Resuspend the fecal pellet by mixing each tube with a stir-rod
(wooden portion of a long cotton swab) and completely breaking the pellet apart.
8. Fill each tube close to the top and replace the cap.
9. Return the tubes to the centrifuge (balanced) at 650 x g (2500 rpm) for 10 min., allowing
centrifuge to slow to a stop without using a break.
10. Remove the tubes from the centrifuge after spinning and place into a test tube rack.
11. Slowly fill each tube with fecal flotation solution to form a slight reverse meniscus on the top of
the tube.
12. Place a cover slip on top of each tube and allow it to sit for 30 min.
13. Carefully lift the coverslips off and place them side-by-side on a clean microscope slide.
14. Read both coverslips under 10x magnification and add each parasite egg type separately.
15. Divide the sum of each egg type by 5 to provide the number of parasite eggs per gram of feces.
16. Record the sampling date, tag number, and parasite eggs per gram on a datasheet and add to
the bison parasite database.
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Appendix 7: CT Bison Phonebook
Table 1: A select contact list of relevant contacts and potential partners to the CT bison program.
Affiliation/Organizaiton

Category

National Bison Association

Contact Info

Contribution

Bison Community

info@bisoncentral.com

Networking with the greater bison community

American Bison Society

Bison Community

absconference@wcs.org

Networking with the greater bison community

National Bison Foundation

Bison Community

eloise@bisoncentral.com

Networking with the greater bison community

Western Bison Association

Bison Community

info@westernbison.org

Networking with the greater bison community

Johan Ventures

Bison Diet

Joseph Craine

info@johanventures.com

Environmental and scat analysis for bison diet and nutrients

University of California-Davis

Bison Genetics

Veterinary Genetics Lab

mctorrespenedo@ucdavis.edu

Analysis of bison genetic material

US Fish and Wildlife Service

Lee Jones

lee_c_jones@fws.gov

Platte Valley Veterinary Hospital

Bison Genetics Research
Bison Health

Matt Sullivan

308-381-8049

Collaborative research and consultation on bison and genetic
management
Veterinary services and necropsy

Animal Clinic of Hastings

Bison Health

Doug Schwenka

402-463-9805

Veterinary services and necropsy

University of Nebraska-Lincoln

Christina Topliff

ctopliff2@unl.edu

Dante Zarlenga

dante.zarlenga@ars.usda.gov

Consultant and researcher on bison health and practices,
submission of health samples
Collaborative researcher on bison parasites

History Nebraska

Bison Health Research
Bison Health Research
Education

Erica Koppenhoefer

erica.koppenhoefer@nebraska.gov

Educational opportunities and outreach

InterTribal Buffalo Council

Indigenous

info@itbcbuffalonation.org

Connection with indigenous groups

Pawnee Nation College

Indigenous

dhaga@pawneenationcollege.org

Education opportunities and connection with indigenous groups

Hall County Sheriff

Law enforcement

308-385-5200

Emergency planning and mitigation

Adams County Sheriff

Law enforcement

402-461-7181

Emergency planning and mitigation

NE State Patrol

Law enforcement

308-385-6000

Emergency planning and mitigation

Platte Basin Timelapse

Media - Outreach

Michael Forsberg

forsberg.mike@gmail.com

Production of educational media

Contractor

Media - Outreach

Kylee Warren

kylee.m.warren@gmail.com

Production of photo media and journalism

Adrian Olivera Photography

Media - Outreach

Adrian Olivera

402-310-8060

Production of photo media

Alex Wiles Media

Outreach

Alex Wiles

alex@awhilesmedia.com

Production of educational media

Miller Bison

Producer

Randy Miller

402-430-7058

Bison consultation and sales

John C. and Karyl Kay Hughes Foundation

Producer

Kay Hughes

402-643-4932

Crane Trust bison herd history

University of Nebraska-Kearney

Research

Dustin Ranglack

ranglackdh@unk.edu

Collaborative researcher

Washington University-St. Louis

Research

Amanda Koltz

amanda.koltz@gmail.com

University of Nebraska-Medical Center

Safety

Ellen Duysen

ellen.duysen@unmc.edu

Potential collaborative researcher on bison parasites, diet, and
nutrients
Low-stress handling

Prairie Legends Bison Sale

Sales

Prairie Legends

ken@thebuffaloguys.com

Bison sales

Grand Island Nebraska Tourism

Tourism

Brad Mellema

director@visitgrandisland.com

Public affairs and local engagement

USDA-Agriculture Research Service

Contact
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Appendix 8: Bison Attractiveness Rating Index
-

(see Caven and Salter 2018)

Bison Attractiveness Rating Index
(BARI)
Variable
undesirable 1
Body Condition Score
Height
Horn Thickness
Horn Symmetry
Horn Length
Coat Color
Coat Thickness
Head Size
Physical Injury
Vigor/health
Weight
Other (list):
Summary Score

2

3

4

desirable 5

Description
Fat on rump and over ribs
Above or below herd average considering age/sex
Base of horn diameter
Shape and structure of horns is even
Relative length of horns considering age/sex
Display dark coat associated with health
Coat is thick and robust
Head is relatively large - wide and/or long
Signs of physical injury (e.g., - eye, leg, etc.)
Movement and activity level appear to indicate health
Only applicable during working - relative to others
Other important physical factors (positive or negative)
influencing assessment
Average (Σ/n; total score divided by number of
assessment categories)
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Appendix 9: Estimated Potential Annual Revenue
Table 1: Projected annual revenue scenario of the bison program based on current calving and production rates (46 calves/year) and current market values found from SDSU and internal CT sales
records.

Sale Source

Expected/Year

Average CT
Live Weight

Average
Live $/lb.

Less 6% Commission
Costs

Annual Potential Revenue

$1.76
$2.26
$2.62

Average
Potential
Revenue
$1,225.00
$1,775.00
$1,950.00

Yearling Heifers
Yearling Bulls
Breeding Bull
Yearlings
Breeding Bull (2 yo)
Aged Bison Meat

21
18
3

695
785
862

$1,151.50
$1,668.50
$1,833.00

$24,181.50
$30,033.00
$5,499.00

2
2

1104
1000

$2.26
$4.00

$2,500.00
$4,000.00

$2,350.00
$4,000.00
Total Annual
Potential Revenue

$4,700.00
$8,000.00
$72,413.50

Table 2: Projected annual revenue scenario of the bison program based on a reduced calving and production rate, due to reduced birth rates of an aging breeding female class (38 calves/year) and
current market values found from SDSU and internal CT sales records.

Sale Source

Expected/Year

Average CT
Weight

Average
$/lb.

Less 6% Commission
Costs

Annual Potential Revenue

$1.76
$2.26
$2.62

Average
Potential
Revenue
$1,225.00
$1,775.00
$1,950.00

Yearling Heifers
Yearling Bulls
Breeding Bull
Yearlings
Breeding Bull 2 year
olds
Aged Bison Meat

17
14
3

695
785
862

$1,151.50
$1,668.50
$1,833.00

$19,575.50
$23,359.00
$5,499.00

2

1104

$2.26

$2,500.00

$2,350.00

$4,700.00

2

1000

$4.00

$4,000.00

$4,000.00
Total Annual
Potential Revenue

$8,000.00
$61,133.50
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Appendix 10: Meeting Topics, Participation, and Planning Effort
Table 1: Meeting topics, attendees, and supporting staff for developing the bison management and research plan. Computed effort provided by CT staff and the NRT in meeting attendance,
participation, and review process. These hours represent the time the CT has invested into the development of this plan. (note: does not include effort for writing plan outside of CT working hours).

CT Bison Team

Culling and
Handling
Bison Habitat
Services

Meeting Topic
Participation
(Hours)

Plan
Writing/Review
(Hours)

Meeting
Date
9/30/2021
11/3/2021

Supporting Staff

President

Director of
Conservation
Research

Director of
Land
Management

Bison
Manager

Habitat
Ecologist

Wildlife
Biologist(s)

Endangered
Species
Biologist

4

4

4

4

4

4

4

4

4

4

4

4

8

4

4

4

4

4

4

4

4

4

8
8

Minutes
Taker

Habitat Needs

11/10/2021

Priority
Species
Cultural
Engagement
Bison Health

11/22/2021
4

4

4

4

4

1/11/2022

4

4

4

4

4

4

Bison Genetics

1/18/2022

4

4

4

4

4

4

Economic
Sustainability

1/25/2022

4

4

4

4

4

4

8

40

8

8

280

Review

12/15/2021

4

4

4

4

Editorial
Reviewer

4

8

220

Total Meeting
Hours

352

Total
Writing/Review
Hours

572

Total CT Staff
Hours
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